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ARDIAC arrest during a surgical 
operation is an uncommon but over- 
whelming catastrophe. Extensive 
work on cardiac resuscitation has 

contributed little to the etiological factors in 
this problem. Among the supposedly respon- 
sible factors, the so called “vagovagal reflex” 
is perhaps the most poorly understood. In its 
extreme form this reflex is said to result in sud- 
den cardiac arrest and, not infrequently, 
death. Surgeons and anesthetists from the 
infancy of thoracic surgery to the present day 
have warned of the dangers of vagal reflexes, 
particularly while dissection is being per- 
formed on the hilum of the lung (10, 22, 25, 
26). As the reflex is commonly described, 
stimulation of afferent vagal fibers results in 
bradycardia and a fall in blood pressure. The 
reflex arc is completed from the central nerv- 
ous system to the heart by efferent vagal 
fibers. 

In the dog stimulation of the intact vagus 
nerve in the upper thorax by a strong faradic 
current results in bradycardia and a marked 
drop in blood pressure. This commonplace 
laboratory phenomenon was investigated by 
Brodie and Russell who produced striking 
cardiac inhibition by stimulation of the cen- 
tral end of the divided vagus nerve in the up- 
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per thorax. Similar investigations of pre- 
sumed vagal reflexes have been reported by 
others (6, 7, 23, 24). These investigators 
established a foundation upon which present 
investigations and concepts are based. Anrep 
suggested, however, that the results obtained 
by Brodie and Russell were in large part due 
to direct stimulation of efferent cardiac vagal 
fibers. Anrep demonstrated in dogs that 
direct stimulation of cardiac vagal fibers may 
occur when the stimulating electrode is placed 
on the vagus nerve 1 centimeter proximal to 
the hilum of the lung. Anrep was not able by 
stimulation of the central end of the vagus 
nerve in the thorax to produce reflexly the 
changes described by these authors, when care 
was taken to avoid direct stimulation of car- 
diac inhibitory fibers. 

It has been remarked repeatedly that per- 
manent cardiac arrest rarely occurs during 
stimulation of the vagus nerve in an animal 
under normal conditions (14, 24). The heart 
almost invariably resumes beating as a dif- 
ferent, lower center becomes dominant in 
initiating cardiac contractions. This inherent 
rhythmicity is not limited to animals. The 
human heart also possesses a fundamental 
ability to contract rhythmically and effective- 
ly under the most adverse conditions, shown 
so clearly by the astonishing work on resuscita- 
tion of the human heart after death (17). 
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These findings strongly suggest that the 
human heart is not likely to cease functioning 
during operation as a result of reflex inhibi- 
tion. If such fatal inhibition occurs, the 
phenomenon may take place only when the 
stimulation is carried out under markedly ab- 
normal physiological conditions which de- 
crease the ability of the heart to recover from 
inhibition or which sensitize the heart to the 
stimulus. Recent investigations have empha- 
sized the possibility of unrecognized hypoxia 
and hypercapnia in patients undergoing opera- 
tion (3, 16, 19, 21), and the inability of even a 
trained observer to detect serious degrees of 
oxygen deficiency in normal individuals (8). 
Both hypoxia and hypercapnia increase the 
effectiveness of cardioinhibitory stimuli under 
experimental conditions (4, 15). Gesell has 
demonstrated this to be the result of potentia- 
tion of acetylcholine in the central nervous 
system and at nerve endings (11). 

Oxygen deficiency produces marked cardiac 
abnormalities in experimental animals and 
human beings. Stimulation of the vagus nerve 
while such abnormalities exist in animals may 
result in dangerous inhibition of the heart. 
Starling has expressed this clearly in speaking 
of vagal stimulation. ‘When the arterial 
system is dilated, so that the mean systemic 
pressure during cardiac inhibition is low, or 
when the asphyxial gasps of the animal are 
prevented by anesthesia or by section of the 
spinal cord, the heart may fail to recover from 
the inhibition produced even by a transitory 
stimulation of the vagus.” A review of 
many of the reported cases of cardiac arrest in 
human beings in which stimulation of the 
vagus nerve was believed to have played a 
part clearly indicates that hypoxia may have 
been present in a large proportion of the 
patients (1, 9, 18, 29). Examination of records 
of similar patients operated upon at the Uni- 
versity of Michigan Hospital confirms the 
belief that the condition of these patients was 
often poor shortly before the catastrophe oc- 
curred, although not infrequently the surgeon 
and anesthetist were not sufficiently aware of 


this fact. 
EXPERIMENTS 


~ Methods. Thirty-six mongrel dogs were em- 
ployed in the experiments. Each dog was 


anesthetized with morphine and urethane. A 
midline tracheotomy was carried out and the 
animal was allowed to rebreathe in a closed 
system, which permitted the gradual produc- 
tion of increasing hypercapnia, hypoxia or 
asphyxia as desired. Oxygen and carbon 
dioxide analyses of the inspired air were per- 
formed at 30 minute intervals throughout 
each experiment. The dog was placed on its 
side and the pleural cavity was entered 
through an intercostal incision. Artificial 
respiration was maintained with intermittent 
positive pressure. The vagus nerve was iso- 
lated at the hilum of the lung and a shielded 
electrode placed on the intact vagus nerve in 
the area where the fibers of the pulmonary 
plexus are given off at the hilum of the lung. 
Care was taken to avoid direct stimulation of 
efferent cardiac inhibitory fibers. An induc- 
torium provided faradic stimuli of variable 
intensity. Stimuli were limited to 20 seconds’ 
duration, since, under conditions of adequate 
oxygenation, the heart began to break through 
the inhibition in this time period. Stimulation 
was carried out at 1o minute intervals 
throughout each experiment. The strength of 
stimulus chosen was that which produced a 
maximum drop in pulse rate and blood pres- 
sure under normal conditions. Blood pres- 
sures were recorded kymographically from a 
mercury manometer through a cannula in- 
serted in the femoral artery. A slow saline 
infusion was administered through the cor- 
responding femoral vein. In 20 of the experi- 
ments serial electrocardiograms were obtained 
with the standard lead II. 

Stimulation under normal conditions. Stimu- 
lation of the intact vagus nerve at the hilum 
of the lung in the area where the fibers of the 
pulmonary plexus are given off was carried out 
at the beginning of each experiment as the dog 
breathed a gaseous mixture approximating 
room air. Artificial respiration was so ad- 
justed that the dog was eupneic or mildly 
hypocapnic. Faradic stimulation almost uni- 
formly produced bradycardia, a drop in blood 
pressure and apnea. No difference in response 
was noted from stimulation of the right or 
left vagus nerve. The maximal responses 
which could be obtained were produced by 
moderately strong stimuli, but cardiac arrest 
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Fig. 1. Progressive hypercapnia, stimulation of the left vagus nerve. Dog 28. 


did not result from reflex stimulation of the 
intact vagus nerve at the hilum of the lung 
with faradic current of any intensity. When 
the stimulus was increased in intensity fre- 
quently tumultuous cardiac activity resulted 
which, on electrocardiographic analysis, was 
found to be auricular flutter or fibrillation. 
Because this was also produced by a strong 
stimulus of the vagus nerve at the hilum of the 
lung when both vagi had been divided in the 
neck, the response was believed to be the 
result of spread of the current to the heart. 
Electrocardiographic changes during stimu- 
lation of moderate intensity were limited 
almost uniformly to auricular slowing with 
inversion of the P waves, suggesting down- 
ward displacement of the pacemaker, and 
lengthening of the P-R interval. Occasionally 
transient auriculoventricular heart block with 
dropped beats occurred in the initial phase of 
the experiment. Heart block during stimula- 
tion did not recur later in the experiment when 
the heart rate had increased. It was replaced 
by auricular slowing with inversion of the P 
wave and lengthening of the P-R interval. In 
a few experiments slight shortening of the P-R 


interval was present during stimulation. No 
significant changes in the configuration of the 
ventricular complex occurred, except those 
expected with alterations in heart rate. 
Hypercapnia. Six of the 36 dogs were sub- 
jected to increasing hypercapnia by the re- 
breathing of an oxygen enriched gaseous 
mixture. Final carbon dioxide concentrations 
of the inhaled gases varied from 14.3 per cent 
to 33.2 per cent. The dogs remained in good 
condition throughout the experiments. As the 
concentration of carbon dioxide increased, 
there was a slow fall in pulse rate and a gradual 
rise in blood pressure (Fig. 1). At no time, 
with the concentrations of carbon dioxide 
achieved, was there evidence of cardiocir- 
culatory depression. In the early portion of 
each experiment, as moderate hypercapnia 
was produced, stimulation of the vagus nerve 
resulted in an increased fall in blood pressure 
and an additional slowing in the pulse rate 
with prolongation of the effects of stimulation 
beyond the period of the stimulus. This in- 
crease in response to stimulation did not 
progress pari passu with the increase in con- 
centration of carbon dioxide. Surprisingly 
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Fig. 2. Progressive hypoxia, stimulation of the right vagus nerve. Dog 65. 


enough, the absolute value to which it was 
possible to depress the pulse rate by stimula- 
tion of the vagus nerve remained remarkably 
constant throughout the latter portion of each 
experiment. As the pulse rate slowed, the 
amount of additional slowing produced during 
each period of stimulation became less and 
less. Serial electrocardiograms taken during 
2 of the experiments showed no significant 
changes. 

Hypoxia. Thirteen dogs were subjected to 
increasing hypoxia. Carbon dioxide was ab- 
sorbed by soda lime in the rebreathing system. 
The concentrations of oxygen in the gaseous 
mixtures rebreathed approximated room air at 
the beginning of each experiment. Final col- 
lapse of the dogs occurred in from 60 to 110 
minutes and at this time the concentrations 
of oxygen in the inspired air varied from 
10.0 per cent to 4.3 per cent. The general 
course of the pulse rate and blood pressure 
followed that described thoroughly by other 
investigators (13, 27). As hypoxia increased, 
there was a progressive rise in blood pressure 
and pulse rate until a critical point was 


reached. Then a steady deterioration of the 
animal with a rapid fall in blood pressure and | 


progressive slowing in pulse rate occurred. 
This collapse often took place with alarming 
and unpredictable suddenness. In some of the 
experiments slowing of the heart was followed 
by a short period of increased pulse rate and 
blood pressure. A second rapid fall soon oc- 
curred and, in from 2 to 3 minutes, the blood 
pressure reached zero and cardiac contractions 
no longer registered on the kymograph. Visible 
cardiac contractions could be seen in all the 
experiments after they ceased to register on 
the kymograph, and electrocardiographic com- 
plexes continued after these visible cardiac 
contractions were no longer evident. In a few 
instances there was electrocardiographic evi- 
dence suggestive of ventricular fibrillation 
taking place many minutes after respiratory 
efforts had ceased and after the heart had 
long been incapable of sustaining any per- 
ceptible blood pressure. 

In the early stages of each experiment 
stimulation of the intact vagus nerve at the 
hilum of the lung produced a moderate in- 
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Fig. 3. Progressive asphyxia, stimulation of the left vagus nerve. 


crease in the amount of bradycardia and blood 
pressure fall when compared with that ob- 
served during stimulation in the control 
period. As the animals became progressively 
hypoxic, this increase was no longer observed. 
Instead, each stimulus produced a decreasing 
amount of bradycardia and blood pressure 
fall. In addition, recovery of the pulse rate 
and blood pressure following stimulation was 
progressively delayed. When hypoxia became 
severe and collapse of the dog seemed imminent, 
stimulation which produced only slight addi- 
tional bradycardia and fall in blood pressure 
was followed often by progressive slowing in 
the pulse rate and rapid fall in blood pressure 
(Fig. 2). In 5 of the experiments this con- 
tinued to marked bradycardia or temporary 
auricular and ventricular asystole 20 to 30 
seconds after the stimulus. It is emphasized 
particularly that this marked depression of 
cardiac activity occurred only in the terminal 
phases of hypoxia and never during moderate 
degrees of oxygen deficiency. 
Electrocardiograms, taken at intervals dur- 
ing each of 9 experiments, showed changes 
which have been found repeatedly during pro- 


Dog 33. 


gressive hypoxia (12, 13, 30). Eveninextreme 
hypoxia, however, stimulation of the vagus 
nerve produced no significant additional 
changes in the rhythm or conduction mech- 
anism of the heart. Displacement of the site 
of the auricular pacemaker and changes in the 
P-R interval, present during vagal stimulation 
under control conditions without hypoxia, oc- 
curred but wefe not accentuated. Stimulation 
in severe hypoxia was usually followed after 
completion of the stimulus by a slow irregular 
rhythm, presumably of idioventricular origin, 
which progressed in some experiments to 
temporary auricular and ventricular asystole. 
After sucha poststimulation period of marked 
slowing or asystole, the pulse rate became 
progressively more rapid. This increase in 
pulse rate was marked by a return to sinus 
rhythm. A similar return of the pacemaker 
to the sinus node was also observed when both 
vagus nerves were divided in the neck during 
a terminal period of slowing. In each case res- 
toration of sinus rhythm seemed to follow re- 
lease of heart from central vagal inhibition. 
During the experiments each stimulus pro- 
duced apnea. As hypoxia increased and res- 
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piration began to fail, respiratory efforts were 
resumed at longer and longer intervals follow- 
ing the stimulus. 

Asphyxia. Seventeen dogs were allowed to 
become asphyxic progressively. Carbon diox- 
ide accumulated in the rebreathing chamber 
as the concentration of oxygen diminished. 
Original concentrations of oxygen in the gase- 
ous mixture varied from 18.1 per cent to 
32.7 per cent. Oxygen concentrations ap- 
proximating the latter figure were employed 
in 3 experiments in order to increase the final 
concentration of carbon dioxide at the time of 
collapse of the dog. Final collapse occurred in 
from 60 to 200 minutes. At this time concen- 
trations of oxygen varied from 10.0 per cent to 
4.0 per cent, and of carbon dioxide from 8.0 
per cent to 17.3 per cent. As asphyxia pro- 
gressed, there was a rise in pulse rate and blood 
pressure followed by a postcrisis rapid fall 
in each. This ended commonly in marked 
bradycardia or temporary auricular and ven- 
tricular asystole. The period of slowing or 
arrest was followed by a short episode of rapid 
pulse rate with a rise in blood pressure. Final 
failure then occurred in from 2 to 3 minutes. 
As in the hypoxia experiments, division of the 
vagus nerves in the neck during a period of 
asystole produced a brief flurry of increased 
pulse rate with a rise in blood pressure. 

The course of the blood pressure and pulse 
rate during progressive asphyxia was altered 
little by repeated stimulation of the intact 
vagus nerve at the hilum of the lung. In the 
early portion of each experiment, the amount 
of bradycardia and fall in blood pressure ob- 
served during each period of stimulation in- 
creased. In 11 of the 17 experiments, when 
asphyxia became severe, stimulation was fol- 
lowed by progressive bradycardia often ending 
in cardiac arrest, despite the fact that the 
degree of bradycardia and blood pressure fall 
during stimulation had decreased (Fig. 3). In 
this period the heart recovered from each 
stimulus much more slowly than it had re- 
covered in the early portions of the experi- 
ment. The phenomenon did not differ from 
the temporary asystole which occurs common- 
ly in the terminal phases of asphyxia (20). 
Marked bradycardia and temporary asystole 
were more common in dogs subjected to 
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asphyxia than in dogs subjected to hypoxia 
alone. 

The dog’s respiratory response to asphyxia 
was much more marked than that to hypoxia 
alone. Despite the severe dyspnea during 
progressive asphyxia, there was apnea through- 
out each period of stimulation. As respirations 
failed in the final stages of the experiments, 
resumption of respiratory efforts following 
stimulation occurred more and more slowly. 

Serial electrocardiograms were obtained in 
1o of the 17 experiments. As in hypoxia, 
changes in the electrocardiogram during stim- 
ulation were similar throughout the experi- 
ment to those seen during the control period 
under conditions of adequate oxygenation. 
Even in marked asphyxia vagal stimulation 
produced no increased displacement or slowing 
of the cardiac pacemaker or additional sig- 
nificant changes in the auriculoventricular 
conduction time. As in the hypoxia experi- 
ments, stimulation during the terminal stages 
of asphyxia was usually followed after cessa- 
tion of the stimulus by marked slowing of the 
auricular pacemaker, idioventricular rhythm 
and, finally, temporary auricular and ventricu- 
lar asystole lasting from 30 to go seconds. 
Asystole was uniformly followed by a return of 
cardiac contractions with the pacemaker ap- 
pearing in an idioventricular center and gradu- 
ally shifting upward near the sinus node or in 
it. This was accompanied by an increase in 
cardiac rate and blood pressure. 


DISCUSSION 


Certain facts seem important in considering 
the results of the experiments performed. 

1. Under the conditions of these experi- 
ments it was not possible to produce even 
temporary cardiac arrest by stimulation of the 
intact vagus nerve at the hilum of the lung 
with a faradic current when the dogs were 
exposed to normal concentrations of oxygen in 
the inspired gaseous mixture. 

2. Each stimulus produced apnea, which 
continued throughout the period of the stim- 
ulus. The effect of the stimulus on respiration 
was always more constant and often more 
pronounced than it was on the heart. 

3. Progressive hypoxia or asphyxia pro- 
duced a uniform pattern of changes in the 
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pulse rate and blood pressure. The pulse rate 
increased and the blood pressure rose until, 
when hypoxia or asphyxia became severe, 
there occurred an increasing bradycardia ac- 
companied by a rapid fall in blood pressure. 
This collapse not infrequently took place with 
arresting suddenness. 

The bradycardia observed in the terminal 
phases of these experiments appeared to be the 
result of agonal inhibitory impulses arising in 
the central nervous system from which the 
heart no longer escaped. Division of the vagus 
nerves in the neck at this time resulted in a 
rapid increase in pulse rate and a rise in blood 
pressure. | 

4. Repeated stimulation at 10 minute in- 
tervals of the intact vagus nerve at the hilum 
of the lung did not significantly alter the 
pattern of the effects of progressive hypoxia or 
asphyxia on the pulse rate and blood pressure. 
Under conditions of severe hypoxia or as- 
phyxia, stimulation of the vagus nerve was 
followed frequently by additional slowing of 
the pulse rate which progressed to temporary 
cardiac arrest. 

5. The degree of bradycardia and fall in 
blood pressure produced by each stimulus 
during severe hypoxia or asphyxia was less 
than that produced during stimulation under 
normal conditions of oxygenation. However, 
each stimulus appeared to complement the 
central cardiac inhibitory impulses present 
during hypoxia or asphyxia. The added in- 
hibition accompanying stimulation precipi- 
tated cardiac arrest. 

6. Temporary cardiac arrest occurred more 
frequently during progressive asphyxia than 
during hypoxia alone. 

7. Electrocardiographic changes occurring 
during stimulation in the control period were 
limited to downward displacement of the 
pacemaker and changes in the P-R interval. 
As hypoxia and asphyxia progressed there was 
little alteration in the character of these 
changes. 

If these experiments on dogs have any 
application to cardiac arrest in the human be- 
ing during operation, they suggest that under 
conditions of adequate oxygenation reflex 
inhibition of the heart by stimulation of the 
vagus nerve does not result in cardiac arrest. 
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In the presence of severe hypoxia or asphyxia, 
perhaps unrecognized, vagal reflexes would 
provide an additional inhibitory factor that 
might lead to temporary cardiac arrest and 
circulatory collapse. In addition, inhibition of 
respiration from such stimuli would augment 
an existing hypoxia. The experiments empha- 
size the extreme rapidity with which collapse 
may occur in severe oxygen deficiency. They 
also direct attention to the fact that release of 
the heart from the central vagal inhibition 
present during severe hypoxia or asphyxia 
results only in temporary return of the heart 
beat while the oxygen deficiency persists. 


CONCLUSIONS 


1. In a series of experiments on 36 dogs 
strong faradic stimulation of the intact vagus 
nerve at the hilum of the lung under conditions 
of adequate oxygenation failed to produce 
cardiac arrest. 

2. In 30 dogs subjected to marked, pro- 
gressive hypoxia or asphyxia central cardio- 
inhibitory impulses were present which re- 
sulted in increasing bradycardia and a fall in 
blood pressure. Stimulation of the vagus 
nerve under such conditions did produce addi- 
tional inhibition of the heart which was fre- 
quently followed by temporary cardiac arrest. 
This phenomenon occurred only in extreme 
degrees of oxygen deficiency. 

3. It is suggested that vagal reflexes arising 
during intrathoracic operations are of little 
importance in well oxygenated patients. They 
may, however, play a part in augmenting an 
existing oxygen deficiency and may aid in pro- 
ducing cardiac arrest under conditions of 
severe hypoxia or asphyxia. 
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CHANGES FOLLOWING 


SUBCUTANEOUS AND INTRA- 


PERITONEAL INJECTIONS OF SOLUTIONS CONTAIN- 
ING SALT, GLUCOSE, AND AMINO ACIDS 


WATTS R. WEBB, M.D., RICHARD A. LEMMER, M.D., and ROBERT ELMAN, M.D., F.A.C.S., 
Saint Louis, Missouri 


ARIOUS fluids have long been in- 
jected directly into the tissues or 
tissue spaces without knowledge of 
their immediate behavior; while 
most of them are eventually absorbed, their 
rate of absorption, early volume changes, and 
alterations of composition have been a matter 
of speculation. Thus their early therapeutic 
effect has often been the reverse of that in- 
tended in that certain fluids given by hypo- 
dermoclysis lead to a temporary decrease in 
the circulating body fluids. Likewise the effect 
of the state of hydration of the patient on the 
rate of absorption has been largely limited to 
the questionable clinical impression that the 
dehydrated hemoconcentrated patient utilizes 
subcutaneous fluids faster than normal. 

The present study was designed to deter- 
mine quantitatively the fate of solutions, pre- 
viously unstudied, which are frequently used 
subcutaneously. Rates of absorption of sub- 
cutaneous fluids were observed in the human 
patient. Because subcutaneous fluid cannot 
be directly recovered for studying changes in 
its composition and volume, intraperitoneal 
injections which are somewhat comparable 
were used for systematic study. The peri- 
toneum comprises a semipermeable mem- 
brane, like other tissue membranes, across 
which water, electrolytes, and small mole- 
cules move and come to equilibrium in accord 
with the physiochemical principles expressed 
by Donnan. Moreover, peritoneal fluids are 
absorbed into the blood stream rather than 
by the lymphatics (2, 3, 14). 
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PREVIOUS WORK 


Earlier workers (9, 11, 12, 13) found in- 
traperitoneal isotonic saline and other isotonic 
or hypotonic electrolyte solutions to be ab- 
sorbed at a constant rate over a period of 15 
to 20 hours. Hypertonic solutions of electro- 
lytes, of glucose, etc., increased in volume be- 
fore absorption took place because they with- 
draw water from the body in becoming iso- 
tonic with the body fluids. With all solutions 
studied, it was found that the peritoneal fluid 
concentrations of total base, sodium, potas- 
sium, chloride, carbon dioxide, glucose, and 
other constituents studied approached plasma 
values. Schechter (12) observed that similar 
changes occurred even with isotonic 5 per cent 
glucose in water so that the composition of the 
peritoneal fluid approached the composition 
of interstitial fluid. Thus, electrolytes entered 
the solution immediately—faster than the 
glucose could be absorbed. This produced a 
temporary hypertonic state that was allevi- 
ated by the inflow of additional water. This 
process continued until equilibrium was es- 
tablished. In the process, the volume of the 
injected fluid increased by some 70 per cent 
during the first 7 hours, returned to the 
original volume in about 15 hours and was 
not completely absorbed for over 30 hours. 


METHODS 


Two isotonic solutions were studied—iso- 
tonic saline and a solution of 2.5 per cent 
glucose in 0.45 per cent saline; and two solu- 
tions that are approximately twice as con- 
centrated as the body fluids—5 per cent glu- 
cose in 0.9 per cent saline, and a solution con- 
taining equal parts of ro per cent glucose, 10 
per cent amigen, and Ringer’s solution. 
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Fig. 1. The volumes and solute concentrations following 
the intraperitoneal injection of isotonic saline (0.9 per cent) 
are plotted as the average values for the guinea pigs sacri- 
ficed at each time interval. Note that absorption begins at 
once and at a constant rate. 


In the first experiments 25 cubic centimeters 
of sterile solution warmed to body tempera- 
ture were injected intraperitoneally into 
healthy fasting guinea pigs averaging 500 
grams in weight. Sufficient animals were in- 
jected with each solution to sacrifice at least 
2 at each time interval over 24 to 30 hours. 
The animals were killed with chloroform and 
the peritoneal fluid measured by the following 
technique adapted from Schechter (12). The 
abdomen was opened and the peritoneal 
cavity drained by evisceration over a funnel 
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Fig. 2. Intraperitoneal infection of Isotonic solution of 
2.5 per cent glucose in half strength (0.45 per cent) saline 
shows an early increase of volume as its .constituents 
equilibrate with the blood plasma. The volume does not 
start decreasing until the glucose has been absorbed. 
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Fig. 3. The cumulative data of 2.5 a cent glucose in 
0.45 per cent saline compare the total quantity of each 
substance present at a given time in the peritoneal cavity 
to the amount originally injected. 


into a flask. The accuracy of this technique 
was tested by measuring the recovery in 7 
guinea pigs immediately after injection of 25 
cubic centimeters. An average of 23.3 cubic 
centimeters, with a range of 23.0 to 23.8 
cubic centimeters was recovered in these pre- 
liminary experiments. In the data presented 
no correction is made for the small amount 
not recovered. The volumes for each period, 
which rarely varied over 3 cubic centimeters, 
were averaged. At first all fluids were exam- 
ined microscopically for the presence of an in- 
flammatory exudate, but this was abandoned 
as a significant number of inflammatory cells 
was never found. The fluids were analyzed 
for sodium, potassium, nitrogen, chloride, 
carbon dioxide, and glucose. Sodium and 
potassium concentrations were determined by 
the Weichselbaum-Varney flame photometer, 
glucose by the method of Nelson, chloride by 
the method of Harvey, nitrogen by Kjeldahl 
(7), and carbon dioxide combining power 
manometrically with the Van Slyke apparatus. 

A second group of experiments was de- 
signed to test whether under these conditions 
dehydration with attendant hemoconcentra- 
tion would increase the rate of absorption. 
Similar experiments were carried out using 
slightly larger guinea pigs (averaging 625 
grams) that had been without food and water 
for 3 days. During this period they suffered a 
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Fig. 4. Volume and composition changes of 5 per cent 
glucose in isotonic saline injected intraperitoneally in 
guinea pigs. 


10 to 20 per cent weight loss. Although no 
clinical signs of circulatory collapse were dis- 
cerned, it is possible and probable that shock 
was imminent in those with the greatest 
weight loss, as the upper range approached 
the survival limit found for dogs by Adolf. 

A third series of observations was made in 
order to determine the time required for the 
absorption of subcutaneous fluids clinically. 
The thighs of several normal patients were 
measured at 3 levels. Five hundred cubic 
centimeters of fluids were injected subcutane- 
ously in each within a 1 hour period, and the 
measurements were followed for several hours. 
The minimal absorption period may be as- 
sumed to be the time required for the thigh 
measurements to return to normal. Isotonic 
saline was injected into 10 patients and each 
of the other solutions into 6 patients. 


FINDINGS 


The findings are presented in the accom- 
panying graphs which show the average data 
in the 3 groups of observations. 

1. In the normally hydrated guinea pigs, the 
intraperitoneal injection of isotonic saline 
(Fig. 1) was absorbed at a rather constant 
rate in about 15 hours, which confirmed older 
findings. The sodium concentration of the 
peritoneal fluid remained at the plasma level 
and chloride and potassium quickly attained 
their anticipated plasma levels. By contrast, 
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Fig. 5. Cumulative data of 5 per cent glucose in isotonic 
saline injected intraperitoneally showing early body de- 
pletion of sodium, chloride, and water. 


the isotonic solution containing 2.5 per cent 
glucose in 0.45 per cent saline (Fig. 2) showed 
an early increase in volume during the first 
7 hours, returned to its original volume in 
about 12 hours, but was not completely 
absorbed for over 24 hours. Sodium and chlo- 
ride concentrations approached quickly their 
plasma levels. Potassium soon appeared and 
reached its anticipated concentration. Glu- 
cose is seen to cross the peritoneal barrier 
slowly; moreover, only after the glucose con- 
centration reaches the usual blood level does 
the peritoneal volume start to decrease. The 
cumulative chart (Fig. 3) demonstrates the 
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Fig. 6. Volume and solute changes of a hypertonic solu- 
tion containing glucose, amigen, and Ringer’s solution 
(DAR) injected intraperitoneally in guinea pigs. 
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Fig. 7. Cumulative data of the dextrose, amigen, 
Ringer’s solution (DAR) injected intraperitoneally in 
guinea pigs. 


actual amount of each substance present in 
the peritoneal cavity as compared to the 
amount originally injected. This demonstrates 
the amount of sodium, chloride, and water the 
rest of the body is depleted of during the early 
hours after the injection with this solution. 

The findings with 5 per cent glucose in 
isotonic saline (Fig. 4) were even more strik- 
ing in this regard. The volume more than 
doubled as water entered to make the solution 
isotonic and electrolytes followed to main- 
tain the body electrolyte concentrations. 
Again this cycle continued until the glucose 
was absorbed; then only did the volume 
start diminishing. Sodium, chloride, potas- 
sium, and carbon dioxide are all seen to ap- 
proach plasma levels. The cumulative chart 
(Fig. 5) demonstrates the body depletion of 
sodium, chloride, and water during the early 
period. This solution actually withdrew as 
much sodium and 24 as much chloride as was 
introduced. 

The intraperitoneal injection of the hyper- 
tonic solution containing glucose, amigen, and 
Ringer’s solution (Figs. 6 and 7) demonstrated 
the same phenomena with an even higher in- 
crease in early volume as a result undoubtedly 
of the presence of large peptide molecules 
which are absorbed even more slowly than 
the glucose. 

2. In the dehydrated guinea pigs only the 
rates of absorption of the peritoneal fluids 
were studied (Fig. 8). Isotonic saline was 
absorbed at approximately the same rate in 
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the dehydrated as in the normal guinea pig. 


Likewise, 2.5 per cent glucose in 0.45 per cent . 


saline was handled in much the same manner. 
Certainly there was no evidence of any in- 
crease in the rate of absorption. The volume 
of 5 per cent glucose in water increased the 
same in the dehydrated guinea pig as in the 
normal. However, absorption was delayed 
most surprisingly. Similarly, 5 per cent glu- 
cose in isotonic saline followed the same early 
curve, but absorption again was markedly 
delayed in the presence of dehydration. In 
these last 2 groups many guinea pigs died in 
the early hours of the experiment. 

3. Results of the clinical measurements of 
absorption times of subcutaneous fluids are 
presented as graphs of the average increments 
in leg measurements (Fig. 9). After an in- 
fusion of physiological saline, the thigh meas- 
urements returned to normal in about 16 
hours, indicating complete absorption re- 
quired at least this interval of time. After 5 
per cent glucose in water and 5 per cent glu- 
cose in isotonic saline, the thighs did not re- 
turn to original size for over 30 hours. While 
it is dangerous to apply findings from intra- 
peritoneal absorption in the animal to sub- 
cutaneous absorption in the human, yet the 
temporal agreement in absorption rates tends 
to indicate the physiologic processes are simi- 
lar. Several independent observers inspected 
the thighs of these patients and they univer- 
sally decided that absorption was complete 
many hours before leg measurements returned 
to normal. This fact is easy to understand in 
view of the diffuse infiltration of the fluids 
throughout the entire length of the thigh. 


DISCUSSION 


The present findings demonstrate many of 
the changes that may occur to several solutions 
injected into the peritoneum. As the peri- 
toneum follows the physical chemical laws of 
all semipermeable membranes, the same equi- 
librium changes may be anticipated with sub- 
cutaneous injections. The findings indicate 
that any solution injected is altered to ap- 
proximate the composition of plasma filtrate 
before absorption occurs. Moreover, any solu- 
tion which is hypertonic, or which though 
isotonic contains slowly absorbed solutes such 
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Fig. 8. Comparison of the rates of absorption of various 
fluids injected intraperitoneally into normal and into dehy- 
drated guinea pigs. The crosses represent fatalities. The 
control curve of 5 per cent glucose in water in normal 
guinea pigs is adapted from Schechter (12) with the kind 
permission of the editors of the Yale Journal of Biology 
and Medicine. 


as glucose or amino acids, will increase in 
volume initially. This increased volume can, 
of course, only be accomplished by withdraw- 
ing water and electrolytes from the rest of the 
body. If sufficient in degree, this water and 
salt depletion can produce circulatory im- 
pairment, even to the point of clinical shock, 
as observed by Danowski and associates (4) 
both in animals and humans given 5 per cent 
glucose in water subcutaneously. Such with- 
drawal of fluid and electrolyte from the cir- 
culating body fluids in the normal person may 
be of little importance. However, in a de- 
pleted subject, any further drain may be 
disastrous. This was actually shown in our ex- 
periments in which fatalities occurred among 
the dehydrated guinea pigs (but not in nor- 
mals) which were given intraperitoneal solu- 
tions of 5 per cent glucose in water and 5 per 
cent glucose in isotonic saline. This deleter- 
ious effect from nonelectrolyte solutions given 
subcutaneously has been stressed in mercury 
poisoning (10) and diabetic coma (5), but is of 
equal importance in all cases of severe de- 
hydration. It follows that any patient suffer- 
ing salt depletion should be given no fluids by 
hypodermoclysis except an isotonic electro- 
lyte solution. Moreover, it seems clear that 
as the rates of absorption of subcutaneous 
fluids are surprisingly slow, this route alone 
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Fig. 9. Graphs of the average increments in leg meas- 
urements after subcutaneous injections in thighs. This 
figure demonstrates the time required for the absorption 
of various fluids injected subcutaneously in the human 
adult. Note the similarity with the experiments on the 
guinea pigs, i.e., saline is absorbed rapidly and at a uni- 
form rate as compared with glucose solutions. 


may not be adequate when fluid restoration is 
urgent. The present study indicates in addi- 
tion that in the presence of dehydration, sub- 
cutaneous absorption is not only not accel- 
erated, but is even retarded, even though 
clinical manifestations of circulatory impair- 
ment are absent. It should also be noted 
finally that on the. basis of actual measure- 
ments clinical observation alone is misleading 
for the determination of the rate of absorption 
of a hypodermoclysis. 


SUMMARY 


1. The rates of absorption and changes in 
volume and composition of various solutions 
injected intraperitoneally in guinea pigs were 
studied. Each solution tends to approach 
plasma filtrate in ultimate composition. Solu- 
tions containing slowly absorbed molecules, 
such as glucose, act as if hypertonic, and show 
an early increase in volume, as much as two- 
fold, by withdrawing fluid and electrolyte 
from the rest of the body before absorption 
starts. 

2. The presence of dehydration did not 
alter the early increase in volume and de- 
creased, rather than increased, the rate of 
absorption. 

3. The rates of absorption of various sub- 
cutaneous fluids were measured clinically. 
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These observations were in agreement with 


the 
exp 


rates of peritoneal fluid absorption found 
erimentally. 
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STUDIES IN ACUTE CHOLECYSTITIS 
III. The Pathological Process in Relation to the 


Clinical Management of the Disease 
the Fallacy of the ‘Critical Period” 


FREDERICK P. ROSS, M.D., F.A.C.S., JOSEPH D. BOGGS, M.D., and 
J. ENGLEBERT DUNPHY, M.D., F.A.C.S., Boston, Massachusetts 


N a recent communication (3) the man- 
agement of patients with acute chole- 
cystitis treated on the surgical service of 
the Peter Bent Brigham Hospital during 

the years 1941 to 1947 was analyzed and dis- 
cussed. The ideal management of the disease 
appears to be early cholecystectomy with ex- 
ploration of the common bile duct when indi- 
cated. This ideal is not always practicable 
and, as will be mentioned later, simple chole- 
cystostomy has a definite role in the primary 
management of acute cholecystitis. How- 
ever, in many of the patients considerable time 
elapsed before surgery because of delay in 
entering the hospital, difficulties in making 
the diagnosis, the poor general condition of 
the patient, or reluctance on the part of the 
responsible surgeon to operate when 3 or 4 
days had elapsed after the onset of the acute 
attack in a patient who was doing well. 
Despite an aggressive attack on “early” 
cases, namely those seen within 1 to 3 days of 
the onset of symptoms, there was no unified 
program with regard to the patient whose at- 
tack was of longer duration and who was 
obviously improving. Some of the members 
of the staff operated as soon as the diagnosis 
was reasonably clear, others waited, when the 
patient was improving, until all symptoms had 
disappeared and others sent their patients 
home when asymptomatic and had them re- 
turn 3 to 6 weeks later for interval surgery. 
In a few cases this interval stretched out for 
months. This afforded clinical and patho- 
logical material for study, and made it pos- 
sible to correlate the surgeons’ impressions at 


From the Surgical and Pathological Services, Peter Bent 
Brigham Hospital and the Departments of Surgery and Path- 
ology, Harvard Medical School, Boston, Massachusetts. 


the time of operation with the pathological 
findings in patients operated on at varying 
times following the onset of the acute attack. 

That the question of when to operate in 
acute cholecystitis is still a controversial point 
is well emphasized by Barksdale and Johnston. 
In a most interesting article they describe the 
results of a questionnaire answered by 151 
highly qualified surgeons. One of the ques- 
tions was, “Do you recognize a critical period 
in which surgery seems contraindicated?” 
Even the strongest proponents of early opera- 
tion agreed that the period of dehydration and 
fluid imbalance contraindicated immediate 
operation and that one should delay for a few 
hours until fluid balance could be restored. 
Most agreed that the period from 4 to 7 or 12 
days was the time of greatest technical dif- 
ficulty and that, if possible, one should wait 
until the attack subsided completely before 
surgery was carried out. Allen was quoted as 
saying, “The mortality was higher in our 
cases when the operation was undertaken be- 
tween the fourth and twelfth days after attack 
began. We, therefore, wait, if one can, until 
the attack subsides entirely unless we can get 
the patient in condition for surgery before the 
fourth day of disease.” There were apparent- 
ly many others who supported this point of 
view. Wallace and Allen had shown that 
gangrene and perforation were the factors 
which most increased the operative mortality 
in acute as compared with nonacute chole- 
cystitis. Glenn, in accordance with his teach- 
ings, was apparently one of very few who 
urged operation as soon as the patient’s con- 
dition permitted without regard to any critical 
period. We are in agreement with his stand 
and believe that the avoidance of surgery 
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during any arbitrary period of time increases 
the morbidity of the disease, does not lessen 
and probably increases the technical diffi- 
culties, finds no support in the pathological 
studies on the gall bladders and is a concept 
that should be removed from surgical think- 
ing in our own and other clinics. We agree 
with Allen that 4 to 12 days constitutes the 
most lethal period, but we believe that this is 
due to the disease process usually reaching its 
peak of severity at this time rather than to 
whether surgery is performed or withheld dur- 
ing this period. In our operative group (3) 
there were 2 deaths out of 134 cases, a gratify- 
ingly low mortality rate of 1.5 per cent. These 
2 patients were treated by cholecystostomy on 
the 5th and roth days of their disease respec- 
tively. On the other hand, there were 2 deaths 
in a much smaller group of 19 patients who 
clinically were suffering from acute chole- 
cystitis but in whom surgery was not per- 
formed. Coincidentally these latter 2 patients 
also entered the hospital on the 5th and roth 
days of their disease. An autopsy was per- 
formed in each of these nonsurgical deaths, 
and both showed generalized peritonitis re- 
sulting from a gangrenous, perforated gall 
bladder. We feel that in these cases there 
would have been at least a chance of a happier 
outcome had simple cholecystostomy under 
local anesthesia been performed shortly after 
admission. 

As soon as the diagnosis is reasonably cer- 
tain, fluid balance restored, and antibiotic 
therapy started, the appropriate surgery 
should be carried out without regard for sub- 
sidence of the disease or the number of days 
that have elapsed since it started. In a small 
percentage of cases comprising the elderly, 
poor risk, complicated patients with marked 
toxicity and rapid progression of symptoms, 
simple cholecystostomy under local anesthesia 
is the operation of choice and is frequently 
lifesaving (6). The presence of jaundice in a 
moderately poor risk patient may influence 
one toward simple cholecystostomy as the 
primary procedure. As already stated, the 
only 2 operative deaths were in patients who 
underwent cholecystostomy. There were 20 
patients in whom cholecystostomy was carried 
out giving a mortality rate of 10 per cent for 


this procedure. There were 114 patients in 
whom cholecystectomy was carried out as the 
primary procedure, combined with common 
duct exploration in 50 cases, with no mor- 
tality. At first glance this would seem to in- 
dicate that cholecystectomy is a far safer 
procedure than cholecystostomy. A moment’s 
consideration points up the fallacy of this line 
of reasoning: cholecystostomy was reserved 
for the more gravely ill patients, and if all 20 
who were subjected to this procedure had had 
cholecystectomy it is certain that considerably 
more than 2 of them would have succumbed. 


MATERIAL 


There were 134 patients treated surgically. 
One hundred and fourteen underwent chole- 
cystectomy as the primary procedure, and 20 
had cholecystostomies. In 4 of the cholecys- 
tostomy patients a biopsy of the wall of the 
gall bladder was made during operation, and 
this has now been established as a routine (6). 
Hence there were 118 cases in which the gall 
bladder was studied a few hours to several 
months after the onset of a characteristic 
attack of acute cholecystitis. Two of the 
cholecystostomy group died and an autopsy 
was performed on 1; 12 of the cholecystostomy 
group came to cholecystectomy later on. 
Therefore there were 13 cases in which the 
gall bladder was first studied some time after 
previous surgical decompression. This made 
a total of 131 gall bladders on which gross and 
microscopic studies had been made and re- 
corded. In only 76 was the material ade- 
quate for critical study at this time. 

Our primary interest centered on the cases in 
which the pathological picture had not been 
modified by earlier surgical decompression. 
Many of these patients had been asympto- 
matic for some time and the operations were 
done as elective “interval” procedures. None 
of these 114 patients died, nor did any develop 
signs of stricture of the common bile duct. 
Obviously not all the cases were of equal se- 
verity. The time of operation and the type of 
procedure was influenced by the severity (or 
mildness) of the disease process as well as by 
the judgment of the responsible surgeon. 
Therefore, there were many variables other 
than the time elapsing from onset of symp- 
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Fig. 1. Photomicrograph of gall bladder showing acute changes. There is severe 
subserosal and intramuscular edema, perivascular diapedesis of red cells with a poly- 
morphonuclear leucocytic reaction in the submucosa. X 70. 


toms to surgery. Nevertheless, an analysis of 
the material on the basis of the recorded diff.- 
culties of the surgeon, the hospital morbidity, 
and the pathological findings as to the time 
interval, yielded significant information as to 
the morbid processes of acute cholecystitis. 

Of the 114 patients undergoing cholecys- 
tectomy with or without exploration of the 
common duct there were in the early stages of 
up to 4 days after the onset of symptoms 33 
patients or 29 per cent; in the so-called “‘criti- 
cal period” of 5 to 12 days 34 patients or 29.8 
per cent; and in the period of over 12 days, 47 
patients or 41.2 per cent. Many of the latter 
group were delayed for weeks or months and 
were operated on as interval cases. There 
were no deaths in these 114 cases. 


TECHNICAL DIFFICULTIES 


It is difficult to evaluate problems of surgi- 
cal technique from reading operative notes. 
This is particularly true when the surgeons 
involved represent a number of members of 
the senior and resident staffs. The case that 
seems most difficult to a new resident doing 
his first independent cholecystectomy for 
acute cholecystitis may be easy for the senior 
surgeon! However, at both ends of the scale 


of experience cases were encountered in which 
the operative notes recorded difficulties due 
to loss of anatomic landmarks, dense ad- 
hesions, or undue bleeding. Merely on the 
basis of the surgeon’s notes the operations 
were divided into two groups, “‘routine” and 
“difficult” and the results are tabulated in 
Table I. The figures are interesting. The per- 
centage of technical difficulties was low in the 
early group, which coincides with the findings 
of nearly all who have written about this sub- 
ject in recent years. However, the percentage 
of difficulty in the 5 to 12 day group was only 
slightly greater, a difference of no statistical 
significance. On the other hand, in the pa- 
tients who came to operation more than 12 
days after the onset of symptoms there was a 
significant increase in the percentage of diffi- 


TABLE I.—TECHNICAL DIFFICULTIES AS RE- 
CORDED IN THE OPERATIVE NOTES 
Cases Routine | Difficult 
o-4 days 33 30 3 | 9.1 
5-12 days 34 30 4 | 11.8 
Over 12 days | 47 30 17 | 36.2 
Total | 114 go 24 | 21.0 
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Fig. 2. Photomicrograph of gall bladder removed 21 days after onset of symp- 
toms showing necrosis of muscle, edema, and granulation tissue. X70. 


cult cases, over three-fold. This was at vari- 
ance with the current concept that the middle 
group, of 5 to 12 days, is the one in which 
technical difficulties are apt to make opera- 
tion hazardous. In the late group, there were 
several patients operated on months after all 
symptoms had subsided, in whom the fibrosis 
and scarring were so dense that experienced 
surgeons had the initial impression that they 
were dealing with cancer of the gall bladder. 
Observations of this nature seem to indicate 
that once acute cholecystitis occurs, even 
though all clinical signs of infection subside, 
there is a continuation of inflammation, fibro- 
sis, and scarring that goes on for weeks, 
months, and possibly years. There seems to be 
no reason to delay surgery “until the inflam- 
mation subsides” and then carry out interval 
operation. The inflammation does not sub- 
side and the technical problems increase with 
the passage of time. This is confirmed by 
pathological as well as by clinical observations. 


PATHOLOGICAL OBSERVATIONS 


The establishment of morphologic criteria 
for the exact determination of amounts of in- 
flammation in tissues is difficult and. hazard- 
ous. It is recognized that sections from one 


portion of a single gall bladder may reveal ex- 
tensive inflammatory changes while sections 
from another portion of the gall bladder may 
reveal an inflammatory response of lesser 
degree. In the majority of the 76 cases here 
reviewed two or more sections were taken from 
different portions of the organ. Based on 
histologic examination the material was di- 
vided into three groups; acute cholecystitis, 
acute and chronic cholecystitis, and chronic 
cholecystitis. Inall cases here reported patients 
had one or more stones within gall bladder. 

In the entire series only 4 or 5.2 per cent, 
could be considered as acute cholecystitis 
without evidence of longer standing disease 
process. The earliest changes noted were 
edema most concentrated in the subserosa, 
although seen also within the muscularis 
(Fig. 1), congestion of blood vessels, and a 
diapedesis of red cells into the interstitial 
spaces. In 3 of the 4 cases there was also a 
sprinkling of acute inflammatory cells. Two 
of the four contained areas of gangrene. This 
histological picture is similar to that produced 
experimentally by Thomas and Womack. In 
2 cases classified as acute cholecystitis with 
focal areas of gangrene the gall bladders were 
removed on the second and third days after 


Fig. 3. Photomicrograph of gall bladder removed at autopsy 22 months after cho- 


lecystostomy. Patient asymptomatic in interval and died following trauma. There 
is necrosis of muscle with replacement by fibrous tissue. A marked acute inflam- 


matory infiltrate persists. 70. 


onset of symptoms while in the 2 others they 
were removed on the second and fifth days. 

Sixty-five, or 85.5 per cent, of the cases were 
classified as acute and chronic cholecystitis. 
In this group was found evidence of acute in- 
flammation plus various combinations of 
fibrosis, fatty infiltration, Aschoff-Rokitansky 
sinuses, new capillary formation, and solid 
massés of chronic inflammatory cells. In 26 
of these cases the gall bladders were removed 
within 1 week of onset, 7 during the second 
week, and the remainder up to 150 days, with 
1 removed at 22 months (Fig. 3). These 
findings again suggest that an initial attack 
of acute cholecystitis usually arises in a pre- 
viously diseased gall bladder and that once 
started the inflammatory process continues to 
smolder indefinitely. 

Seven, or 9.2 per cent, of the series were 
classified as chronic cholecystitis with 2 gall 
bladders removed within 6 days and the 5 re- 
maining between 50 and 150 days of the on- 
set of the acute clinical attack. 

In this material there was essentially no cor- 
relation between the time factor and the 
pathological changes seen. In 1 case, for ex- 
ample, in which the gall bladder was removed 


on the 21st day of the disease (Fig. 2), edema 
and fibrosis with lack of cellular infiltrate were 
the outstanding features producing a thick- 
ened gall-bladder wall. Gall bladders showing 
evidence of gangrene and repair revealed the 
greatest amount of acute inflammation over 
the longest periods. Figure 3 shows a gall 
bladder removed at autopsy 22 months after 
onset, the patient dying following trauma. 
This patient was free of symptoms of gall- 
bladder disease during this long interval, yet 
there is extreme fibrosis with polymorpho- 
nuclear and lymphocytic infiltration. There 
is no support for the concept that the in- 
flammatory process gradually subsides com- 
pletely as it does, for example, in certain cases 
of appendicitis. 

A review of the literature reveals that clini- 
cal gangrene is rare in the first 48 hours of the 
disease process but that histologic evidence of 
gangrene is found in 5 to 10 per cent of all 
cases (2, 5,9). In the present series 8 per cent 
showed histologic evidence of gangrene in the 
first 48 hours while the evidence of histologic 
gangrene in the entire series rose to 33 per 
cent. In the series reported by Touroff 99 per 
cent of the patients who had been operated on 
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after the symptoms became minimal or absent, 
still showed acute cholecystitis histologically 
for periods as long as 3 years after the acute 
clinical episode had subsided. The present 
series is similar in that the overwhelming ma- 
jority showed acute or acute superimposed on 
chronic cholecystitis histologically long peri- 
ods after the onset of the attack and subsi- 
dence of all symptoms. 

_ There are many variables to account for the 
lack of correlation between the time factor 
and the histological picture. The complete- 
ness of obstruction of the cystic duct, the 
severity of action of bile on the mucosa, the 
action of bacterial invasion, the virulence of 
the organisms involved, and the state of circu- 
lation in the gall-bladder wall, all combine to 
make the estimation of histologic changes on 
the basis of an arbitrary period of time com- 
pletely fallacious. We do not have enough 
bacteriological data to attempt to correlate 
the bacteriological with the clinical or the 
pathological findings. In 13 of the cases chol- 
ecystostomy had been performed at an earlier 
operation. Three of these were classified as 
chronic and the remainder acute and chronic. 
In general there was no evidence of earlier 
subsidence of the inflammatory process in 
these cases than in those which had not had a 
previous cholecystostomy. 


DURATION OF HOSPITALIZATION 


A final point for consideration is that of dur- 
ation of hospital stay. This is obviously of 
secondary importance to the primary aim of 
discharging healthy patients. However, un- 
due prolongation of hospitalization is a factor 
of importance in the economy of the com- 
munity which a hospital serves and the stay 
was significantly prolonged in the group oper- 
ated on late. Many of the late group were 
sent home and then readmitted for “interval” 
surgery. In most of these patients, diet and 
activity were limited during the interval at 
home and they were not permitted to carry 
out their normal duties, so the time lost from 
normal activity was considerably greater than 
the statistics of hospital days indicated. The 
average duration of hospitalization in the 


group of 47 patients operated on after 12 days 
was 25.7 days as compared with 16.7 days for 
the 67 patients operated on from o to 12 days 
after the onset of symptoms. The stay aver- 
aged g days longer for the cases in the late 
group, and this does not include the time of 
limited activity at home. 


SUMMARY AND CONCLUSIONS 


A review of material from the Peter Bent 
Brigham Hospital indicates that resolution of 
the inflammatory process after an attack of 
acute cholecystitis is extremely slow and in- 
complete regardless of the clinical course of the 
patient. After a short period devoted to res- 
toration of fluid balance and beginning anti- 
biotic therapy, there is nothing to gain by 
delaying surgery if the patient is doing well. 
The inflammatory process persists for months 
and sometimes years after the clinical symp- 
toms subside, the period of hospitalization is 
prolonged, and the technical difficulties of 
surgery increase. On the other hand, if the 
patient is doing badly, surgery is mandatory, 
and it is in such cases that simple cholecys- 
tostomy under local anesthesia may be life- 
saving. 

The concept that there is any arbitrary 
critical period during which surgery for acute 
cholecystitis is to be avoided should be aban- 
doned. 
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PRELIMINARY REPORT ON THE USE OF 
BONE BANK BONE 


JOHN F. LE COCQ, M.D. , EDWARD A. LeCOCQ, M.D., and KIRK J. ANDERSON, M.D., 
Seattle, Washington 


HE necessity for the bone bank pre- 

sented itself when orthopedic opera- 

tions were devised which required 

additional bone beyond that avail- 
able from autogenous sources. Prolonged 
operative time necessary to obtain autogenous 
bone and the resulting increased morbidity 
have made the bone bank not only advanta- 
geous, but desirable. 

The impetus for the present-day use of 
preserved homogenous bone stems from the 
work of Inclan, who reported on its use in 
1942. The possibilities of homogenous bone 
transplantation, however, were realized many 
years prior to this. Macewen was the first to 
report on the use of a homogenous graft to the 
humerus in 1878. Carrell prophesied in 1912 
as to the feasibility of preserving tissue extir- 
pated from fresh cadaver material. Lexer in 
1925 reported a series of cases in which he 
had transplanted whole joints obtained from 
amputated limbs and fresh cadavers with 
favorable results. 

Method of bone preservation. In September 
of 1948, the Seattle Orthopaedic and Fracture 
Clinic embarked upon the use of the bone 
bank. Homogenous bone suitable for trans- 
plantation is transferred to a sterile sealed jar 
at the operating table, according to the 
method of Bush (2). The bone is then frozen 
and stored in an ice-cream storage unit in 
which the temperature is kept between minus 
20 and minus 25 degrees centigrade. Citrated 
blood or Ringer’s solution has not been 
utilized, inasmuch as the bone is frozen while 
still moist and thus presumably preserves its 
own fluids. No preservative chemicals, anti- 
biotics, or bactericidal agents have been used. 
A smear and culture have been obtained on 
. each specimen before bottling. Other pre- 
cautionary measures have consisted of a 
syphilitic serology test on the donor and a 
careful check to be sure the donor was free 
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from infection or malignant disease. Accurate 
records have been kept on the source of the 
homogenous bone, length of refrigeration, and 
later results after transplantation. At the 
time of use, the bone is warmed to room 
temperature. 

The period of preservation of bone bank 
bone has varied. The shortest period was 5 
days and the longest 90 days. Length of 
storage time apparently has no effect on the 
success or failure of the graft. Weaver records 
the longest period of preservation to date 
which is 308 days. 

Source of homogenous bone for preservation. 
The procurement of homogenous bone for the 
bone bank is accomplished mainly by being on 
the alert for material. All the bone used to 
date has been obtained from living sources 
during the course of an operative procedure 
in which no harm was done to the patient. 
Sacrificed iliac bone, resected ribs, and clean 


TABLE I.—TYPES OF ORTHOPEDIC OPERATIONS 
IN WHICH PRESERVED HOMOGENOUS GRAFTS 
HAVE BEEN USED 

Operation No. 


Spinal fusion 
Lumbosacral abnormality (intervertebral disc 


pathology, spondylolisthesis, etc.).............. 43 
I 
Arthrodesis of a joint 
Wrist (traumatic 2 
Bone graft 
Congenital I 
Filling of bone cavities and defects 
Fibrous dysplasia of femur..................... I 
Defect from screw removal.................... I 
Fracture 


Neck of the femur (nonunion).................. 
Depressed tibial plateau....................... 


Total 


: 
2 
I 
Aseptic necrosis of the head of the femur.......... 1 id 
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Pie... 
following 7 months’ gestation and 21 days of preservation 
in the bone bank. a, Secondary trabecula with osteocytes 


Microscopic appearance of human fetal bone 


amputations have been the principal sources 
of material. 

Experience with refrigerated bone shows 
that from a clinical standpoint, it appears to 


TABLE II.—RESULTS OF BONE GRAFTING WITH 
PRESERVED HOMOGENOUS BONE _ IN 56 
OPERATIONS 


Operation Condition No. 
Spinal fusion | Lumbosacral abnor- 33 25* ° 
mality 
Scoliosis 4 4 ° 
Tuberculosis 4 4 ° 
Onlay bone | Osteogenesis I I Foreign 
graft imperfecta bod: 
reaction 
Arthrodesis Tuberculosis (knee) 5 3 ° 
of joints 
Tuberculosis (wrist) I I ° 
Arthritis (wrist) 2 2 I 
Bone graft Congenital I I ° 
pseudarthrosis 
Fibrous dysplasia z I ° 
Bone cyst 2 2 ° 
Fracture of neck of 2 2 ° 
femur (nonunion) 
Depressed tibial 
plateau I I ° 
Aseptic necrosis of 
head of femur t I ° 
Totals 56 48(85.7%) | 1(1.8%) 


*The 8 failures were all in this group. 


ior 


intact in their respective lacunar spaces. b, Epiphyseal 
line and zone of provisional caicification demonstrating a 
normal cellular pattern. 


behave similarly to fresh autogenous bone. 
Histologically, however, autogenous bone 
transplants appear to act in a superior manner 
during the process of healing. Consequently, 
the purpose of bone bank bone is not to replace 
the use of autogenous bone but to serve in a 
supplementary capacity when it is impossible 
to obtain enough bone from autogenous 
sources. 

Experimental study. Experimentally, we 
have examined microscopic sections of re- 
frigerated fetal bone. The staining reaction 
was the same as that of fresh bone with the 
cellular pattern assuming normal character- 
istics (Fig. 1). This does not justify a conclu- 
sion that the cells remain alive but rather that 
the bone tissue remains in a fresh state during 
preservation. Transplantation into a hetero- 
genous host, the guinea pig, served to verify 
the findings of others that the cells in the bone 
transplants failed to survive. Since this factor 
is also true of the autogenous bone transplant, 
which dies only to be replaced by living bone 
through a process of resorption, revasculariza- 
tion, and osteogenesis of the host tissue, it 
would appear therefore that the success of 
the preserved bone depends on its affinity to 
revascularization. 

Results. Preserved homogenous bone has 
been used for transplantation in 74 orthopedic 
operations upon 72 individuals during a period 
of 15 months. It has been used both in the 
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Fig. 2. a, above, W. B. Boy, aged 9 years, bone cyst of the 
humerus showing appearance 15 months after initial opera- 
tion with failure (July 5, 1949). Autogenous bone was used. 
b, Appearance 24 months after second operation (July 13, 
1949). Curettage and packing with preserved homogenous 
bone chips. 


form of a massive graft and small chips. The 
chief indication for its use in this series has 
been the need for additional bone in: spinal 
fusions for scoliosis, Pott’s disease, and dis- 
eases of the lower back; arthrodesis for disease 
of the joints; the filling of bone cysts with bone 
chips; and the procedures necessary in rare 
diseases such as osteogenesis imperfecta 
(Table I). 

Complications have been few. In the 74 
operations of this series, there were 3 cases (4 
per cent) of frank infection, although the cul- 
ture and smear were negative, and 1 case in 
which manifestations of foreign body reaction 
were present. In every other case the wound 
healed by primary intention. 

The results in 56 operations which were 
regarded suitable for critical analysis have 
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Fig. 3. W. C. Man, aged 28 years. Old dislocation of 
— bones. Excision of proximal row of carpal bones 
with fusion of wrist using refrigerated rib. Fusion is solid 
12 weeks following operation (October 14, 1949). 


Fig. 4. E. B. Woman, aged 20 years. Osteogenesis im- 
perfecta. a, Preoperative roentgenogram demonstrating 
deformity of the tibia, April 13, 1948. Postoperative roent- 
genogram (November 29, 1949) demonstrating correction 
of deformity and union of massive refrigerated rib grafts 
11 months after operation (December 6, 1948). 
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been studied. Eighteen cases were discarded 
because of inadequate follow-up time. It is 
interesting to note that the 8 cases classified as 
failures have all followed spinal fusion of the 
lumbosacral area. Of these, 5 were done for a 
pseudarthrosis following spinal fusion which 
fact would indicate an inherent fault in the 
recipient bone. Of equal interest is the 100 per 
cent success in the treatment of tuberculous 
lesions. In each case in this group, homo- 
genous bone which was taken from patients 
who were infected with tuberculosis was used 
(Table IT). 
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THE SELECTIVE MANAGEMENT OF MEGACOLON 
IN INFANTS AND CHILDREN 


C. MARSHALL LEF, JR., M.D., F.A.C.S., KENNETH C. BEBB, M.D., and JOHN R. BROWN, M.D., 
Cincinnati, Ohio 


LTHOUGH megacolon is not common, 
it occurs with sufficient frequency to 
be encountered sooner or later by 
most physicians in the course of an 

average practice. Virtually all textbooks of 
surgery, medicine, pediatrics, or pathology in- 
clude a discussion of it. The literature since 
Hirschsprung’s report, which was preceded by 
several earlier descriptions (Parry 1825; Billard 
1829), has contained many articles on the sub- 
ject (6). The dramatic appearance of the ad- 
vanced case leaves a lasting imprint on the 
mind of the observer, and interest in the con- 
dition has remained lively throughout the 
century since the disease was first described. 
Yet in spite of this continuing interest and the 
consequent vast amount of literature, the con- 
dition has not been understood until very re- 
cently and its clinical management has been 
unsatisfactory. 
Although progress has been made during th 

past half century, developments within the 
last 2 to 5 years have, for the first time, made 
possible an intelligent approach to this baffling 
condition, on an etiological basis. Unfor- 
tunately even very recent contributions to the 
subject do not make this important point 
clear. For example, an editorial which ap- 
peared this year in a national journal (5) con- 
veys the impression that the term Hirsch- 
sprung’s disease applies to all cases of mega- 
colon and that the operation devised by 
Swenson (15) is equally applicable to all. The 
fundamental contributions of Kernohan and 
his associates (13) and of Bodian, Stephens, 
and Ward seem to have been largely over- 
looked. Unless the overall problem of mega- 
colon is clearly understood in the light of re- 
cent developments the confusion that has 
marked its management in the past is likely 
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to persist. The purpose of this paper is to re- 
view some of the contributions which have led 
to the present major revision of concept and 
to suggest, by means of representative case 
reports, a rational approach to the manage- 
ment of megacolon in its several forms. 

Since sucha selective approach is predicated 
on the work of many contributors a brief his- 
torical review is in order. Although Hirsch- 
sprung’s description includes only 2 cases he 
noted at autopsy that “When the abdomen 
was opened, two enormously dilated loops of 
large intestine presented themselves—the sig- 
moid and the even more severely distended 
transverse colon. Also, the other part of the 
large intestine appeared somewhat dilated; 
only the rectum was not enlarged, but rather 
seemed to be the site of some kind of slight 
narrowing.’’ (Italics ours.) Unfortunately, 
this observation was only incidental and a de- 
tailed description of the dilated bowel fol- 
lowed, focusing the attention of subsequent 
observers on what quite understandably ap- 
peared to be the primary seat of the disease. 
For many years the pathogenesis was sought 
in the distended bowel segment. For example, 
Finney’s widely quoted report of 1 case is ac- 
companied by an exhaustive review of the 
literature, and though several writers who sug- 
gested a neurogenic origin are mentioned he 
attributed the process to ‘“‘a lymphangiectasis 
as it is seen in other parts of the body, i.e. 
macroglossia, macrocheilia, etc.” He offered 
as evidence against the peripheral neurogenic 
theory, the fact that the ganglia of Auerbach’s 
plexus in the dilated segment were normal. 

Most of the writers of this period and the en- 
suing Io years (3, 4, 9) distinguished between 
a type of idiopathic megacolon seen in infancy 
and childhood, and one.seen in adults, and 
they were in agreement that no organic ob- 
struction was present and that the cause was 
unknown. 
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In 1925 Bartle presented a comprehensive 
review of the subject before the American 
Gastroenterological Association. He sum- 
marized the many etiological theories then cur- 
rent, and emphasized the importance of the 
“normal” or narrowed lower sigmoid and 
rectal segment. He concluded that over- 
activity of the sympathetic impulses to the 
rectum might be responsible and suggested 
ramisection as a method of treatment. 

By 1930 an autonomic imbalance had be- 
come generally recognized as the basis for the 
disorder although no pathognomonic lesion 
could be demonstrated. It should be remem- 
bered that at this time attention was still 
centered on the hypertrophied and dilated 
portion of the colon. In this same year Scott 
and Morton proposed the use of preliminary 
spinal anesthesia to determine the result to be 
anticipated from lumbar sympathetic gan- 
lionectomy, since the procedure was by no 
means uniformly successful. They reported 2 
cases, 1 of which did very well following a 
favorable test and bilateral lumbar sympa- 
thetic ganglionectomy. They had not operated 
on the second case at the time of their report. 

In 1946 Herrmann reported 19 cases (in this 
clinic), mostly in adults, in which all but 1 ob- 
tained satisfactory function of the bowel ‘‘fol- 
lowing the sympathectomy and many months 
of intensive medical management.” (Italics 
ours.) Some of his comments are of consider- 
able interest. In discussing the effects of 
atropine, mecholyl and similar drugs affecting 
the parasympathetic system he points out that 
“How a drug which supposedly acts exclu- 
sively as a paralyzer of the parasympathetic 
nerves can actually become effective in estab- 
lishing better bowel function in megacolon is 
difficult to explain . . . the use of a parasympa- 
thetic paralysant is almost paradoxical and 
one is forced to accept it on the grounds that 
the mechanism by which it acts is still unex- 
plained.” He goes on to comment that ‘‘the 
operation of sympathectomy is an empirical 
method of treatment.” 

All writers agree that sympathectomy is by 
no means uniformly successful and many sur- 
geons have resorted to colectomy, either par- 
tial or total, again with variable but sometimes 
favorable results. The operation consisted of 


anastomosis of the proximal bowel, whether it 
be ileum or the colon at various levels, to 
rectosigmoid at or near the pelvic peritoneal 
reflection. Favorable results, some of which 
have been permanent have followed this pro- 
cedure, but in general there was no uniformity 
and the operation was frequently disappoint- 
ing. Thus, in reviewing their earlier results, 
Bodian, Stephens, and Ward noted that total 
colectomy was performed in 2 cases and partial 
colectomy in 3 cases. ‘One child died a few 
days after total colectomy and in 3 others the 
symptoms recurred, with dilatation and hy- 
pertrophy of the bowel proximal to the anas- 
tomosis.”’ They further noted that “of 25 
children who received 1 to 7 spinal anesthetics, 
some showed a transient improvement but 19 
remained uncured. Presumably because of 
these unpromising results, only 3 of this group 
had sympathectomy operations. Improve- 
ment was apparent in 2 of them, but it was 
temporary.” 

In 1938 Robertson and Kernohan reported 
a study of 1 autopsy case of megacolon in 
which they were prompted by Lendrum’s 
earlier work on achalasia of the esophagus, to 
examine the plexuses of Auerbach and Meiss- 
ner in the narrow rectosigmoid segment. They 
found deficiency and degeneration of the my- 
enteric ganglia in this case and ‘“‘several other 
cases of Hirschsprung’s disease . . . while con- 
trol studies of cases of ulcerative colitis 
showed normal ganglia.” This brief notation 
was followed in 1948 by a comprehensive 
analysis by Whitehouse and Kernohan of 11 
cases of congenital megacolon. They re- 
viewed the clinical and physiological literature 
and commented as follows: “‘It is impossible to 
deny the presence of the changes in the myen- 
teric plexus in cases of congenital megacolon. 
Likewise, from the theoretic and experimental 
standpoint the significance of the changes in 
the myenteric plexus seems to be all that could 
be desired to explain the pathogenesis of con- 
genital megacolon. When we reviewed the 
physiologic studies on the innervation and 
functional activity of the colon, results of 
various forms of treatment and effects of de- 
nervation on the myenteric plexus, we found a 
wide and chaotic field of contradictions which 
we have not attempted to untangle. The field 


t 
t 
é 
t 
t 
I 


“> 
t 


LEE AL.: 


is a difficult one to investigate, and the con- 
clusions that are incontrovertible are few.”’ 

They found that the myenteric plexus was 
absent in all cases of congenital megacolon, 
and in 80 per cent of the cases it was absent 
also in the “transitional region.” In 60 per 
cent of the cases it was also absent in the lower 
part of the sigmoid, and in 20 per cent the ab- 
sence extended into the upper part of the sig- 
moid and the descending colon. 

In August, 1948, Swenson and Bill reported 
a new technique for resection of the lower 
rectal segment and as much of the affected 
bowel as may be necessary, with preservation 
of the sphincter. Studies by Neuhauser were 
included in a report of Swenson, Neuhauser, 
and Pickett demonstrating the ‘‘spastic”’ or 
achalasic lower segment by roentgenographic 
studies. These studies made clear the fact 
that in true Hirschsprung’s disease the acha- 
lasic distal segment acts as an incomplete ob- 
struction and is responsible for the dilated and 
hypertrophied bowel above. It accounts for 
the subsequent dilatation of the proximal seg- 
ment in cases in which partial or total colec- 
tomy has been carried out and the anasto- 
mosis performed to this same segment, which 
up to this time had been believed to be 
normal. 

In this country too little attention has been 
paid to the contribution of Bodian, Stephens, 
and Ward at the Great Ormand Street Hos- 
pital, which has already been mentioned 
briefly. These authors have clarified the types 
of megacolon in such a way as to make intelli- 
gent selective treatment possible. They pre- 
sented a careful analysis of 73 cases of mega- 
colon, on the basis of clinical, radiological, and 
pathological studies. They excluded from 
their studies symptomatic megacolon in which 
gross organic obstruction is demonstrable. 
They point out that in 1 group of cases, which 
they refer to as true Hirschsprung’s disease, 
the syndrome is one of early onset of constipa- 
tion, high morbidity and mortality in infancy 
and childhood, frequent episodes of acute in- 
testinal obstruction from volvulus or impac- 
tion, a characteristically narrowed terminal 
segment, and absence of ganglion cells of both 
Auerbach’s and Meissner’s plexuses in the 
narrow segment. 
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The other group of cases is classified as idio- 
pathic megacolon. This is characterized by 
later onset of symptoms, a much lower mor- 
bidity and mortality, a striking difference in 
the roentgenographic findings and normal 
ganglia throughout the bowel including the 
terminal segment. In this group the dilatation 
extends all the way down to the anus in one of 
two general patterns. In one pattern there is 
a massive dilatation of lower sigmoid and) 
rectum as a straight tube, which the authors, 
have termed the ‘‘terminal reservoir’ type o 
idiopathic megacolon. In the other there is a 
long and redundant sigmoid, often lying in the 
right abdomen, which is less markedly dilated, 
but in which the dilatation extends higher into, 
the descending colon as a convoluted tortuous 
tube in which there are, of course, no haustral 
markings. This they call the tubular dilata- 
tion type of idiopathic megacolon. As has been 
mentioned the ganglia are normal throughout 
and the dilatation extends all the way to the 


“anus in both types of idiopathic megacolon, in 


sharp contrast to true Hirschsprung’s disease. 

No general explanation is offered for the 
etiology of idiopathic megacolon, for which the 
name therefore remains appropriate. In some 
of their patients faulty bowel habits and 
chronic constipation with frequent and pro- 
longed impactions seemed to be a factor. Other 
observers (11) have mentioned a spastic anal 
sphincter as a factor in some cases. In the 
London series all patients with idiopathic 
megacolon responded to conservative medical 
management. Of 34 patients in this group, 8, 
had operations on the sympathetic nervous. 
system, but the writers believe that they 
would have responded equally well without 
operation, under adequate medical manage- 
ment. Further comment will be made on this 
point in subsequent discussion but it is of in- 
terest in connection with Herrmann’s notation 
on his results. 

As will be shown in the reported cases and 
in the discussion following we do not agree en- 
tirely with the view that all cases of idiopathic 
megacolon can be treated successfully by con- 
servative measures. Many of them certainly 
can be so treated and we believe that the great 
majority of cases reported as successfully 
treated by sympathectomy and medical man- 
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agement probably fall into this category. We 
agree with Bodian, Stephens, and Ward that 
many of them would probably have responded 
to intensive medical management without 
sympathectomy. It is probable, moreover, for 
reasons to be presented, that those cases in 
‘which permanently favorable results have 
» been achieved by partial or total colectomy, 
- also belong in the group of idiopathic mega- 
colon, and are not true Hirschsprung’s disease. 
While faulty bowel training and habits may be 
a factor in some cases of idiopathic megacolon, 
it appears that in others the solution may not 
be quite so simple, and that medical measures 
may prove inadequate. We have noted that 
in these cases of idiopathic megacolon, espe- 
cially in the group called ‘tubular hyper- 
trophy,” the descending and sigmoid colon is 
elongated, and the dilated segment of sigmoid 
is so long that it lies in the right iliac fossa. 
This feature has been commented on by many 
observers, and in the earlier editions of his 
textbook Holt, possibly deriving the sug- 
gestion from Marfan postulated that this same 
redundancy and angulation might be the ob- 
structing mechanism. Jones and Morton have 
called attention to the fact that a form of 
“’megacolon may supervene in the presence of 
congenital dolichocolon, so termed by Mar- 
_tinotti, in which an excessively long and re- 
-dundant sigmoid is present. These writers 
emphasized the importance of distinguishing 
this condition from Hirschsprung’s disease 
and reported excellent results following resec- 
tion of the redundant segment by means of the 
Mikulicz or Paul procedure. It is our belief 
that in such cases the excessive length of colon 
provides so much surface for the absorption of 
water that a hard, constipated stool is inevi- 
table and the megacolon may be due to the ef- 
fort of the bowel to move this long column of 
inordinately anhydrous feces. When medical 
management fails in such cases, resection of a 
portion of the descending and sigmoid colon 
delivers a softer stool at the anus and the 
megacolon recedes. This principle applies to 
a considerable degree to true Hirschsprung’s 
disease as well, since many of these patients 
also have excessively long colons above the 
aganglionic terminal segment. For this reason 
and certain others to be mentioned later we 
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favor the one stage procedure of Swenson in 
preference to the multiple stage procedure 
employed in London. 

To recapitulate, it must be remembered that 
dilatation and hypertrophy of the colon is a 
result, not a cause and that in general 3 types 
of megacolon may be recognized. 

1. Symptomatic or organic megacolon. This 
term applies to cases, occurring at any age, in 
which the obstructing mechanism is grossly 
demonstrable. The bowel may be obstructed 
by stricture (either from disease or trauma), 
by congenital stenosis or by tumor, benign or 
malignant and intrinsic or extrinsic. As an ex- 
ample of the latter, we have observed one in- 
stance of sacrococcygeal teratoma in a new- 
born infant where the size of the tumor pro- 
duced almost complete obstruction of the 
rectum by extrinsic pressure. We have also 
observed 1 case of congenital atresia of the sig- 
moid colon. Although either atresia or stenosis 
this low in the bowel is unusual, it can occur 
and with stenosis a proximal megacolon would 
develop. In such cases the obstructing mech- 
anism is grossly apparent, and the treatment 
is necessarily surgical. The type of operation 
will vary with the nature and location of the 
obstruction. If it is due to extrinsic tumor, re- 
moval of the tumor is adequate, and nothing 
need be done directly to the bowel. If the ob- 
struction is due to stenosis, resection of the 
stenotic segment is sufficient. This type of 
megacolon has long been recognized and is not 
usually included in discussions of the subject. 
It is mentioned here only for the sake of com- 
pleteness, and to emphasize that it may occur 
as a disease of infancy and childhood and 
must be borne in mind in the differential 
diagnosis. 

2. Aganglionic or achalasic megacolon (true 
Hirschsprung’s disease). In the light of the 
contributions from the Mayo Clinic and the 
Great Ormand Street Hospital, this type of 
case should no longer be included in the gen- 
eral classification of idiopathic megacolon. In 
the past all cases of ‘congenital idiopathic 
megacolon” have been described under the 
heading of Hirschsprung’s disease. Since 
Hirschsprung’s 2 cases did happen to fall into 
this category it is reasonable to retain the term 
“true Hirschsprung’s disease.’”” However, 
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much confusion might be avoided if such a de- 
scriptive term as aganglionic or achalasic 
megacolon were used. The condition may be 
regarded as an entity. It is characterized by 
constipation from birth. Observation of indi- 
vidual cases over a period of time shows that 
whereas, in the early stages, only the de- 
scending colon and sigmoid may be affected, 
the dilatation and hypertrophy gradually ex- 
tends higher and higher until in late stages the 
entire colon may be affected. This is the nat- 
ural result of incomplete obstruction com- 
pounded by persistent and increasing impac- 
tion of the bowel contents. The cause of the 
obstruction is not grossly apparent but has 
- been shown to be due to achalasia, which in 
turn is the result of absence of parasympa- 
thetic ganglia in the terminal segment. There- 
fore, although there is an organic basis for the 
obstruction, it is clinically a functional one 
and must be separated from the preceding 
_group. The mortality of untreated cases is 
high, frequently as a result of acute obstruc- 
‘tion. The rectum looks and feels normal on 
sigmoidoscopic or digital examination. Roent- 
genologically the dilatation is seen to end in 
the lower sigmoid or upper rectum, and below 
this point the lumen is normal looking or 
slightly narrowed. Unless the barium is intro- 
duced slowly, and under careful fluoroscopic 
control this important differential feature may 
be missed. This group of cases will not respond 
favorably to any type of resection which does 
not include the entire rectum. Neither will 
sympathectomy be effective. When the rec- 
tum has been removed, the terminal segment 
and upward for a variable distance, will show 
a complete absence of parasympathetic ganglia 
usually in both the myenteric and the sub- 
mucous plexuses. ~ 
3. Idiopathic megacolon. In this group of 
cases no definite etiological basis can be estab- 
lished. Such factors as faulty bowel habits, 
spastic sphincter and excessive water absorp- 
tion from a congenitally elongated sigmoid 
have already been mentioned. Undoubtedly, 
in most cases, more than one factor contributes 
to the net result. The important distinction is 
that the majority of these patients can be 
cured by nonoperative methods, though in oc- 
casional cases surgery may be necessary. Dila- 
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tation of the sphincter and the regular use of 
enemas, conscientious bowel training, mild 
laxatives, and such drugs as mecholyl or 
mecholyl bromide may effect a lasting cure. 
These cases are distinguished clinically by the 
fact that the onset of symptoms is slower, the 
morbidity and mortality much lower, and con- 
trast roentgenograms show that the dilatation 
extends all the way down to the anus. The oc- 
casional case, refractory to conservative treat- 
ment, cannot be expected to go throughout 
life on daily colonic irrigations and may re- 
quire surgical intervention. Whether or not 
sympathectomy is useful remains to be seen, 
but unless the response to the spinal anesthetic 
test is clearly favorable, we doubt its value. 
Resection of a segment of bowel sufficient to 
deliver soft feces to the anus is certainly ef- 
fective. If the resection includes the lower 
rectum the parasympathetic ganglia in it are 
found to be normal. 

The following cases will serve to illustrate 
the several types of megacolon and their 
selective management. 


True Hirschsprung’s Disease 


CasE 1. M. W., CH 60678. This white male in- 
fant was born in another hospital with an uncompli- 
cated full term delivery. He weighed 8 pounds 14% 
ounces at birth. He became constipated in the early 
neonatal period, and required frequent doses of 
castoria, administered by his mother, and during the 
month preceding admission to Children’s Hospital 
had needed daily enemata. He was admitted to 
Children’s Hospital at the age of 314 months on 
February 10, 1948, with a diagnosis of acute bron- 
chitis and low grade bowel obstruction. Flat films 
showed a massive abdominal distention and contrast 
studies, a typical Hirschsprung’s disease (Fig. 1 a, b, 
and c). He continued to require daily enemata and 
after the bronchitis had responded to treatment he 
was sent home on a continuation of this regimen, on 
February 27, 1948. He was followed in the pediatric 
clinic where it was observed that he maintained a 
good state of growth and nutrition but was never 
able to get along without several enemas a week, 
usually every day, and periodic barium studies 
showed no change in the configuration of the bowel. 

He was admitted to the surgical service of Chil- 
dren’s Hospital on December 1, 1949, at the age of - 
25 months. After intensive irrigation of the bowel a 
one stage abdominoperineal resection with a Swenson 
‘pull-through” anastomosis was done. Especial care 
was taken to conduct the dissection in the pelvis di- 
rectly against the fascia propria to avoid injury to 
the nerve plexuses of the pelvis. The patient had his 
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Fig. 1. a, Lateral projection of barium contrast enema in Case 1, showing the nar- 
row rectum or terminal segment, with the dilatation beginning about 12.0 centime- 
ters from the anus. b, Anteroposterior projection of barium enema in Case 1. The 
narrow rectum and rectosigmoid are again clearly demonstrated. c, Flat antero- 
posterior film from Case 1 during phase of acute obstruction. d, Barium contrast 
film 1 month after operation, showing regression of colon to a normal configuration. 
This group of films represents characteristic findings in a typical case of true 


Hirschsprung’s disease. 


first bowel movement on the fourth postoperative 
day and has continued to have them ever since. Bari- 
um studies 1 month after operation showed that the 
configuration of the bowel was nearly normal (Fig. 
1d). Microscopic examination showed complete ab- 
sence of ganglia in Auerbach’s and Meissner’s 


plexuses in the terminal narrow segment, while these 
structures were normal in the dilated segment. These 
sections are almost identical to those seen in Case 2 
and illustration has therefore been omitted. 

Since operation the child has had fairly frequent, 
rather soft stools but these are decreasing in fre- 
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Fig. 2. a, Barium contrast film, in anteroposterior projec- 
tion from Case 2. The massive megacolon is in sharp con- 
trast to the rectum or terminal segment which appears to be 
normal. b, Lateral projection of the same barium enema 
from Case 2. The small rectum is well demonstrated, al- 
though the exact point of transition is not seen. c, Barium 
enema from Case 2, done 1 month after operation. The 


quency and becoming firmer. Digital examination 
shows normal sphincter tone. There has been no dis- 
turbance of bladder function at any time. 

CasE 2. W. C., CH 58397. This white male infant 
was first admitted to Children’s Hospital August 20, 
1947, at the age of 3 weeks. He was born in an out of 
state hospital at term and his delivery was uncompli- 
cated. He weighed 6 pounds 8 ounces at birth. For 
the first few days he did not nurse well but seemed to 
improve and was sent home with his mother on the 
tenth neonatal day. He was readmitted to the same 
hospital on his 14th day of life with a chief complaint 
of abdominal distention and constipation. He was 
treated with multiple enemas and prostigmine but 
failed to improve and was referred to Children’s 
Hospital at the age of 23 days. At this time he 
showed enormous distention, malnutrition, and de- 
hydration and flat x-ray films revealed a massive 
pneumoperitoneum. After vigorous supportive mea- 
sures exploratory laparotomy was done on the day 
of admission, under a diagnosis of ruptured hollow 
viscus. The operative note records that on entering 
the peritoneum a large amount of gas escaped and 
fibrinous plaques and adhesions were diffusely pres- 
ent throughout the peritoneum. A detailed search 
failed to discover any perforation, and the abdomen 
was closed. There was no description of the size of 
the colon. 

The infant improved somewhat after the pneumo- 
peritoneum was released but barium contrast studies 
after cleansing the bowel showed a massive mega- 
colon (Fig. 2a and b). He did not continue to im- 
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configuration of the bowel is nearly normal. The descending 
colon is shorter here than is usually the case because of re- 
moval of a segment at the time the colostomy was done. In 
most cases, a normal amount of descending colon is left 
after the Swenson operation has been done. These films are 
also representative of a typical case of achalasic megacolon 
(true Hirschsprung’s disease). 


prove and obstipation and distention remained se- 
vere in spite of enemas, prostigmine and related 
medical measures over a period of 8 months in the 
hospital. On April 27, 1948, a second exploration 
was done. A hugely dilated sigmoid colon was found 
along with massive generalized adhesions and “the 
rectum was found to be about normal size.”’ The 
operator’s note states further that ‘“‘the free peri- 
toneal cavity itself was never entered into because 
this was practically obliterated by the fine adhesions 
binding the small bowel together and also small 
bowel to large bowel.”” A long segment of dilated 
colon was resected and a double-barrelled colostomy 
was done, with the 2 stomas about 2 inches apart. 
The child improved rapidly thereafter and was sent 
home 2 months after the second operation and 10 
months after admission, with his colostomy func- 
tioning well. 

The child was followed at varying intervals in the 
outpatient department but contact was difficult to 
maintain because he lived in a remote part of an ad- 
joining state. Because of our favorable experience 
-with the Swenson operation arrangements were made 
for him to be returned to the hospital and he was re- 
admitted on December 18, 1949. His general physi- 
cal condition and growth and development were ex- 
cellent, but there was severe excoriation of the skin 
around the proximal colostomy opening. After suit- 
able preparation, operation was performed on Jan- 
uary 3, 1950. Both colostomies were taken down, 
and the splenic flexure was mobilized sufficiently to 
deliver the stump of descending colon to the anus. 
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Fig. 3. Photomicrographs from Case 2 (true Hirschsprung’s 
disease). a, Shows normal parasympathetic ganglia in the 
myenteric (Auerbach’s) plexus in sections taken from the 
dilated portion of the bowel. b, Shows normal ganglion 
cells in the submucous (Meissner’s) plexus in sections at the 
same level. c, A typical section from the narrowed terminal 
segment, showing the area between the muscular coats, 
comparable to a. Nerve fibers are present, but no ganglion 


The distal segment was resected to within 2 centi- 
meters of the anus and a pull-through anastomosis 
was done. The child had his first spontaneous anal 
bowel movement on the third postoperative day. 
Thereafter he had 4 to 6 soft to liquid stools a day 
and developed a moderate excoriation of the but- 
tocks. The diarrhea 1s decreasing in frequency and 
severity and the perianal excoriation is improving. 
At no time has there been any bladder dysfunction 
and the anal sphincter has excellent tone. Sections 
from the distal segment show a complete absence of 
ganglia in Auerbach’s and Meissner’s plexuses, while 
those in the proximal bowel are normal (Fig. 3). 
Barium enema 1 month after operation shows an 
essentially normal looking colon (Fig. 2c). 


These 2 patients are typical of achalasic 
megacolon or true Hirschsprung’s disease. The 


cells. d, Typical section from the narrowed segment com- 
parable to b. The muscularis mucosae and submucosa are 
seen. Again nerve fibers are present, but there are no 
ganglion cells. The parasympathetic ganglia of both 
Auerbach’s (myenteric) and Meissner’s (submucous) plex- 
uses were absent throughout the narrowed terminal seg- 
ment. The findings in Case 1 were identical to those 
noted in Case 2. 


onset of constipation was early and the se- 
verity of complications in Case 2 is a good ex- 
ample of a rapidly developing severe case. 
After operation the resected narrow distal seg- 
ment, easily observed in the initial x-ray film 
showed a complete absence of parasympa- 
thetic ganglia in each case. Both patients be- 
gan having spontaneous bowel movements by 
the third or fourth postoperative day, and 
subsequent contrast enemas show a healthy 
and normal configuration of the bowel. 

CasE 3. R. D., CH 64195. This white male infant 
was admitted to Children’s Hospital October 15, 


1948, at 1 month of age. He was born in another 
hospital at term with an uncomplicated delivery and 
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Fig. 4. Anteroposterior and oblique projections of barium contrast studies in Case 
3- The constriction indicated by the arrow is constant in all views in which this area 
could be visualized. The nature of this constriction cannot be determined until the 


child is submitted to operation. See text. 


weighed 7 pounds 15 ounces at birth. He became 
constipated within the first few days of life and bowel 
movements were obtained only by means of enemas 
and by adding milk of magnesia to his formula. He 
began to vomit with increasing severity and fre- 
quency and was admitted to Children’s Hospital with 
a low bowel obstruction. He responded to multiple 
enemas, and barium studies showed an atypical 
megacolon. The colon was dilated and hypertrophied, 
but showed vigorous peristalsis above an apparent 
obstruction in the rectosigmoid. The actual con- 
figuration of this obstruction could not be outlined 
and visualized in spite of repeated efforts in various 
oblique projections. Sigmoidoscopic examination 
showed no obstruction within reach of this in- 
strument. 

The child was discharged from the hospital No- 
vember 3, 1948, on medical management, and con- 
tinued to be severely constipated, requiring the con- 
stant use of enemas. In October, 1949, he had a few 
spontaneous bowel movements and his mother began 
to neglect the enemas, hoping he would continue to 
move his bowels spontaneously. On October 14, 
1949, at the age of 13 months he was readmitted to 
Children’s Hospital with acute low intestinal ob- 
struction. He was severely ill, with extreme toxicity, 
lethargy almost to the point of stupor, and was 
markedly dehydrated. He again responded to mul- 
tiple enemas, parenteral fluids and general sup- 
portive measures, though his recovery was slow and 
marked by recurrent episodes of distention and vom- 
iting. Barium studies and sigmoidoscopic examina- 
tion again showed no organic constriction in the rec- 


tum and lower sigmoid, but a fairly definite narrow- 
ing of the sigmoid beyond reach of the sigmoido- 
scope. The interesting feature of these films is that 
although the megacolon ends abruptly in the sigmoid 
colon and the bowel below is normal, there is an ex- 
tremely narrow intervening segment (Fig. 4) which 
was constant in all films in which this area could be 
visualized. After 10 days in the hospital with daily 
cleansing enemas, the child suddenly began to im- 
prove, and by the sixteenth day he appeared per- 
fectly normal except for this requirement. 

His mother was given detailed instructions for 
keeping the bowel empty and the child was dis- 
charged, to be followed in the clinic. After 4 months 
he has continued to do well. He is gaining weight and 
looks like a normal child, but continues to require 
constant attention to his bowels. Subsequent con- 
trast studies have shown no definite change in the 
configuration of the colon, in spite of the fact that he 
is doing so well clinically. 


This child is an example of the atypical case, 
which may or may not prove to be true Hirsch- 
sprung’s disease, although we believe that it is. 
The early onset of symptoms, the serious epi- 
sodes of acute intestinal obstruction, and the 
roentgenologically demonstrable megacolon 
are all consistent with Hirschsprung’s disease. 
However, the configuration of the bowel is 
atypical and the contrast shadow and clinical 
course could all be explained equally well by 
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Fig. 5. Anteroposterior projection of barium contrast 
film from Case 4. The dilatation extends all the way down 
to the anus. The elongated sigmoid lies on the right side, 
and extends up to the liver. This does not represent a true 
visceral transposition, since the long loop curves back into 
the pelvis and continues as a normal left sided descending 
colon. This is the characteristic appearance of idiopathic 
megacolon, in which there is no parasympathetic ganglion 
deficiency. 


congenital stenosis of the sigmoid. The mega- 
colon would then have to be placed in the 
group in which gross obstruction can be dem- 
onstrated. It might be argued that the narrow 
area in the sigmoid represents an achalasic 
segment, and thus an unusual variant of 
Hirschsprung’s disease. Such a case has been 
reported by Tiffin, Chandler, and Faber and in 
many respects their case resembles this one. 
However, their patient came to autopsy at the 
age of 20 months in spite of sympathectomy 
and meticulous medical care, in contrast to the 
child here reported. Although stenosis this 
low in the gastroenteric tract is extremely rare 
it is known to occur. A long redundant colon 
is present and it is possible that the combina- 
tion of congenital stenosis and excessive water 
absorption, with inadequate medical care 
could produce enough obstipation and impac- 


tion to account for the entire clinical picture. 
Since the mother has been instructed in the 
use and importance of regular cleansing of the 
bowel by mechanical means the infant has 
been thriving. If, after a thorough trial of con- 
servative measures the apparent constriction 
is still present and the proximal-bowel remains 
dilated, the child will be submitted to surgical 
intervention.’ At present he is gaining weight 
and appears healthy in every way as long as 
the bowel is kept open by regular oil retention 
and cleansing enemas. 


Idiopathic Megacolon 


Case 4. D.S., CH 57381. This 3 year old white 
female was first admitted to Children’s Hospital at 
the age of 1 year, on July 20, 1947. The details of her 
birth history are not known since she was adopted by 
her foster parents at the age of 9 days. She is said to 
have weighed 8 pounds at birth. At the time she was 
adopted she was having difficulty with her bowels 
with alternating constipation and diarrhea. At times 
she would have 20 to 30 small liquid stools a day, and 
at others none at all. By the time she was 6 months 
old, in spite of repeated changes of formula, she had 
developed marked abdominal distention and per- 
sistent constipation. At another hospital a diagnosis 
of megacolon was made and daily enemas advised. 
At 1 year of age she was admitted to Children’s 
Hospital and the diagnosis of megacolon was con- 
firmed by roentgenologic studies. She was started on 
a regimen of mild laxatives (mineral oil and oc- 
casional milk of magnesia) together with enemas, as 
required, and mecholyl. The need for enemas grad- 
ually decreased as did that for laxatives. At present 
she has not had an enema for 1% years. She has 
taken mineral oil only once in the past 6 months. She 
has a spontaneous bowel movement daily and takes 
an ordinary diet for her age. She continues to take 
mecholyl once a day and 4 teaspoons of zymenol a 
day. Aside from this she leads the life of a normal 
child. There is no abdominal distention and on pal- 
pation the abdomen is soft and free of palpable 
masses. She is alert, well nourished, and normally 
developed for her age. 

The only abnormalities noted are an unusually 
spastic anal sphincter, and barium enema demon- 
strates a persistent megacolon, of moderate degree, 
and of the type described as tubular dilatation (Fig. 
5). An interesting feature is that a penny swallowed 
10 months ago remains in the rectosigmoid and she 
has been unable to expel it past the spastic anal 
sphincter. 


1This child was submitted to operation on May 16, 1950, at 
the age of 19 months. The diagnosis of true Hirschsprung’s disease 
was confirmed by the gross appearance of the bowel at operation 
and by microscopic examination. There was a complete absence 
of parasympathetic ganglia in the narrowed terminal segment. 
Swenson’s operation was performed and the child’s immediate 
postoperative course has been entirely uneventful. 
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Fig. 6. a, Anteroposterior view of barium contrast film 
in Case 5. The dilatation extends all the way to the anus 
and there is enormous elongation of the sigmoid. b, Lateral 

rojection of the same barium enema from Case 5. The 
act that the dilatation extends all the way to the anus is 
clearly shown. c, Intravenous pyelogram before operation, 
in Case 5. It demonstrates the compression and obstruction 
of the right ureter by the huge fecal mass, with resulting 


This little girl is a good example of the tubu- 
lar dilatation type of idiopathic megacolon. 
Her history and roentgenological findings are 
quite different from those in the 3 preceding 


Fig. 7. 


ureterectasis and pyelectasis. left kidney was con- 
genitally absent. 

Fig. 7. a, projection of barium enema from 
Case 5, one month after operation. The configuration of 
the colon is within normal limits. b, Intravenous pyelogram 
2 months after operation in Case 5. The right kidney and 
ureter (they are congenitally absent on the left) have 
returned to normal. 


cases. She has responded well to conscientious 
medical management and is growing and de- 
veloping normally in spite of an unusually 
long, redundant and somewhat dilated colon. 
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Fig. 8. Idiopathic megacolon. Photomicrographs from 
Case 5. a and b are sections from the upper portion of the 
dilated colon. The parasympathetic ganglia of both 
Auerbach’s and Meissner’s plexuses are normal. c and d 


Her bowels move spontaneously every day 
and she does not present a management prob- 
lem. As long as she continues to do so well we 
see no indication for surgery, although, as will 
be indicated in the following case an effective 
surgical correction is available if at some later 
time she should require it. 


CasE 5. M. E., CH 43305. This white female was 
first admitted to Children’s Hospital on April 27, 
1944 at the age of 53 days (714 weeks). She had been 
born in another city and at 2 days of age was operated 
upon for what is believed to have been a type III 
imperforate anus. She had many other congenital 
anomalies, including (1) absence of the pubic sym- 
physis with marked diastasis recti in the lower ab- 
domen and a ventral hernia (thus barely missing an 
exstrophy of the bladder), (2) incomplete rotation of 
the colon, with mobile cecum, (3) duplication of the 
colon in the region of the cecum, (4) bicornate 
uterus, (5) absent left kidney (later confirmed at op- 


are comparable sections from the terminal rectum near the 
anus, which in this case was also dilated. Again the ganglia 
of both plexuses are normal. This is in sharp contrast to 
the findings in achalasic megacolon. 


eration) and (6) absent right great toe. At this ad- 
mission, except for the studies which demonstrated 
these anomalies, and treatment of a urinary tract 
infection, nothing was done, and the child had no dif- 
ficulty with her bowels. She was discharged June 1, 
1944, after a month in the hospital. 

She was readmitted March 14, 1945, at 1 year of 
age with a large abdominal mass which was thought 
to be a malignant tumor. It proved to be a huge 
fecal impaction which was finally removed through 
the anus and after a period of observation the child 
was discharged on a regimen of daily oil retention and 
water enemas and mild laxatives. 

The next admission was July 10, 1946, at 214 years 
of age. Again the complaint was of frequent fecal 
impactions. The anus seemed small and spastic and 
a series of dilatations was administered. On July 
27, 1946, laparotomy was performed and the dupli- 
cation of bowel at cecum was resected, the ventral 
hernia was repaired by approximation of rectus 
muscles. Recovery was uneventful and after further 
dilatations she was discharged on September 9, 1946. 
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The fourth admission was from September 27, 
1946 (after only 214 weeks at home) until November 
24, 1946, for removal of fecal impactions and a 
further series of anal dilatations. By this time the 
child’s mother had become convinced of the impor- 
tance of daily attention to the bowels and had be- 
come quite proficient in administering the enemas. 
The regimen was conscientiously followed until the 
child was 5% years old. 

She was again admitted to the hospital on October 
26, 1949, because, although she appeared to be 
growing and developing normally, she was entirely 
unable to move her bowels without daily mechanical 
assistance. Moreover, the rectovaginal fistula was 
quite troublesome, with constant soiling of the 
clothes after each enema had been given. At this 
time her physical examination was not remarkable 
except for the anomalies already listed, a moderately 
protuberant abdomen (but no recurrence of the 
hernia) and a large fecal impaction. At this time the 
sphincter showed no spasticity and the anus easily 
admitted a finger. Definite voluntary contraction of 
the sphincter could be felt. The rectovaginal fistula 
was low in the vagina, about 1 centimeter from the 
fourchette. Contrast roentgenological studies showed 
(Fig. 6a and b) a large megacolon with the dilatation 
extending down to the anus and the sigmoid lying in 
the right lower quadrant. Intravenous pyelography 
showed a rather marked pyelectasis and ureterectasis 
of the single right kidney (Fig. 6c) and displacement 
oi the bladder to the left. 

After a full month in the hospital on vigorous 
cleansing enemas there was no appreciable change 
in the above findings. 

It was decided that resection of a portion of the 
colon was indicated, and because of the compression 
of the lower urinary tract and the low lying recto- 
vaginal fistula, effective correction of the several dis- 
orders could best be accomplished by means of 
Swenson’s operation. This was performed on No- 
vember 22, 1949. The postoperative course was un- 
eventful and the bowels moved spontaneously on the 
fourth postoperative day. The rectovaginal fistula 
was successfully closed by the procedure. There was 
no impairment of bladder function at any time. One 
month after operation, barium enema showed an 
essentially normal looking colon (Fig. 7a) and 2 
months after operation the kidney, pelvis, and ureter 
had returned to normal size (Fig. 7b). The child 
has had some trouble with control of the anal 
sphincter but function is improving steadily. She 
does not require enemas to move her bowels, but is 
being given them on a schedule as part of bowel 
habit training and is developing increasing voluntary 
control. 

Sections from all levels of the resected bowel in- 
cluding the lower rectum show normal parasympa- 
thetic ganglia throughout (Fig. 8). 


This child is an example of idiopathic mega- 
colon which might be classed as either tubular 
dilatation or terminal reservoir. The fact that 


she has so many associated anomalies, includ- 
ing the type III imperforate anus which left 
her with impaired sphincter control, makes her 
difficult to evaluate definitively. The fact re- 
mained that at 5 years of age she had never 
had a spontaneous bowel movement in spite of 
meticulous care both at home and in the hos- 
pital. Because of this fact it appeared that ex- 
cessive fluid absorption from the long sigmoid 
might be a decisive factor in her megacolon. 
Because of this and because of ureteral ob- 
struction to her single kidney, and the recto- 
vaginal fistula, it was decided that operation 
would prove beneficial, and the results appear 
to have justified this decision. 


DISCUSSION 


It is apparent that the collective efforts of 
several contributors have resulted in a new ap- 
proach to the problem of megacolon and a 
rational method of treatment has become 
available. The problem is not by any means 
as satisfactorily solved as is, for example, that 
of congenital hypertrophic pyloric stenosis— 
an equally baffling disease from the standpoint 
of etiology. In pyloric stenosis, although the 
cause is still unknown the Fredet-Rammstedt 
pyloromyotomy offers a simple and effective 
corrective measure with a low mortality which 
approaches an irreducible minimum dependent 
on the presenting condition of the patient and 
the effectiveness of preoperative and post- 
operative care. 

But megacolon is not such a simple problem. 
The abdominoperineal operation and para- 
anal anastomosis is a formidable procedure. 
If it is applied indiscriminately to all patients 
with large colons the mortality will inevitably 
be much greater than it should be. The im- 
portance of the contribution of Bodian and his 
associates in offering a rational basis for the 
selection of cases is apparent. Another es- 
sential feature of their contribution is the em- 
phasis on the necessity of keeping the pelvic 
portion of the dissection close to the fascia 
propria of the rectum. Employment of the 
technique usually used for resection of cancer 
of the rectum can result in the impotence and 
impaired bladder function so often observed 
after radical surgery for carcinoma. Although 
in reported cases there has been no impairment 
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of bladder function none of the patients is yet 
old enough to determine the possible effect on 
sexual potency. Hence the warning of the 
London group cannot be overemphasized and 
meticulous sharp dissection against the fascia 
propria must be adhered to strictly. 

There appears to be room for debate as to 
the relative merits of the three stage operation 
employed by Stephens and the original one 
stage procedure of Swenson. It is true that in 
the one stage operation considerably more 
bowel must be sacrificed to overcome the dis- 
proportion of the 2 segments when anasto- 
mosis is effected. However, we are not con- 
vinced that this is necessarily a disadvantage 
since so many of these children have an ex- 
cessively long left colon and sigmoid and the 
reduction in absorptive surface may, in such 
cases, serve a useful purpose. This appears to 
be true not only in true Hirschsprung’s disease 
when an unusually long colon is present, but 
also in cases of idiopathic megacolon which do 
not respond to medical management. 

It may be argued, of course, that this elon- 
gation of the sigmoid is a result rather than a 
cause of the obstruction. To a certain extent 
we would concur in this point of view since ob- 
structive dilatation and hypertrophy of any 
hollow viscus produces, in the course of the 
hypertrophy, an increase in length as well as 
circumference. This is observed, for example, 
in obstruction at the pylorus, or of the ureter 
and a return to normal length takes place 
when the obstruction is relieved. However, 
there is evidence that the increased length of 

_ the sigmoid, in many cases of megacolon, is 
initially a congenital dolichocolon and the 
elongation is subsequently exaggerated by ob- 

structive dilatation and hypertrophy. It 

seems reasonable to suppose that the combirla- 

, tion of congenital dolichocolon with a spastic 
sphincter or faulty attention to the bowels in 

‘infancy may be responsible for many cases of 
‘idiopathic megacolon. In other words we be- 
lieve that idiopathic megacolon is the result of 
several factors, alone or in combination, but 
that a change in the consistency of the im- 
mediately pre-evacuation feces will suffice to 
correct the symptoms. Jones and Morton 
have shown that resection of the redundant 
segment is effective. Such a procedure might 
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have been employed in Case 5 had it not been 
for the presence of the rectovaginal fistula in 
an area already scarred by previous surgery, 
and the fact that the dilatation extended so 
low that obstruction of the ureter of the child’s 
only kidney was present. For these reasons 
Swenson’s operation seemed best calculated to 
correct the various defects in a single pro- 
cedure. 

In achalasic megacolon the one stage pro- 
cedure seems preferable in patients whose gen- 
eral condition permits it and whose clinical 
and radiological evaluation are appropriate. 
That is to say, they are not in acute obstruc- 
tion and the bowel can be cleansed and com- 
pletely evacuated before operation. But in the 
severely ill patient, with a massive megacolon, 
or in acute obstruction impossible of relief by 
enemas, the multiple stage operation would 
equally certainly be the procedure of choice. 
Although the needless sacrifice of a long seg- 
ment of bowel is to be avoided, we believe that 
a high resection of rectosigmoid is desirable, 
whether the operation is done in single or 
multiple stages, because of the great variation 
in the height to which the ganglion deficiency 
extends. This can only be determined by par- 
affin section after operation and the level of re- 
section must be decided upon without the 
benefit of this information. The roentgeno- 
logic studies are extremely helpful, but do not 
reflect the level of ganglion deficiency with 
complete accuracy. When preliminary colos- 
tomy has been done the entire distal segment 
shrinks, and the gross appearance at the time 
of resection gives no hint as to where the 
achalasia begins. 

For these reasons we do not entirely agree 
with the technical recommendations of the 
London group with respect to the corrective 
operation, although their procedure may be 
satisfactory in many cases. The specific tech- 
nique of operation has not been presented in 
this communication because the basic prin- 
ciple has been clearly described by its origi- 
nator. Such modifications as we employ are 
variations which conform to recognized surgi- 
cal principles adapted to the particular case in 
hand. Our material has been presented with 
the hope of emphasizing the complexity of the 
problem involved in the management of mega- 
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colon in its varied manifestations. Unless each 
case is treated on the basis of its individual re- 
quirements the noteworthy developments of 
the past few years may be dangerously 
misapplied. 

SUMMARY 

Megacolon is a secondary condition rather 
than a primary entity and its management 
must be predicated on proper selection of 
cases. Three general types may be recognized, 
as follows: (1) organic or symptomatic mega- 
colon, (2) achalasic or aganglionic megacolon 
(true Hirschsprung’s disease), (3) idiopathic 
megacolon. 

These several types present different clini- 
cal, roentgenological, and pathological pictures 
and respond to different types of treatment. 
There is considerable variation even within 
the 3 major types that have been described. 
The management of the individual case must 
therefore be individually determined. 
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A NEW CONCEPT OF VENOUS THROMBOSIS 
ARMAND J. QUICK, Ph.D , M.D., Milwaukee, Wisconsin 


LTHOUGH the incidence of venous 
thrombosis and pulmonary embolism 
has been reduced in recent years, the 
problem of diagnosis and prevention 

has not been successfully solved. Until means 
are found to recognize the thrombotic ten- 
dency before the signs of thrombophlebitis 
appear, prophylactic measures against pul- 
monary embolism are left largely to chance. 
No effective attack of the problem can be 
expected until one understands the physiology 
and pathology that lead to the formation and 
propagation of a thrombus within a vein. 
Most helpful has been the postulate of Aschoff 
that thrombosis is brought about by changes 
in: (1) the circulation; (2) the vessel wall; 
(3) the formed elements, particularly in their 
power to agglutinate; and (4) the coagulability 
of the blood. The interpretation and correla- 
tion of these four factors have been difficult 
because of the lack of a satisfactory theory of 
the coagulation of the blood. 

During the past decade and a half, the re- 
searches carried out in the writer’s laboratory 
have led to the development of a theory of 
blood clotting (8, 9) which has been valuable 
in the clinical understanding and management 
of the hemorrhagic diseases. It is the purpose 
of this paper to consider the problem of venous 
thrombosis in terms of this new concept of the 
coagulation mechanism. 


COAGULATION OF THE BLOOD 
AND HEMOSTASIS 


The generally accepted explanation of the 
coagulation process is that thrombin is formed 
from prothrombin through the action of cal- 
cium and thromboplastin, and that thrombin 
reacts with fibrinogen to form fibrin. This 
simple theory is no longer adequate, since it 
fails to incorporate a number of new findings. 
A scheme which is more in accordance with 
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the new observations can be concisely pre- 
sented by a relatively simple diagram (Fig. 1). 
It will be observed that plasma furnishes all 
but one of the primary clotting factors, which 
are thromboplastinogen, calcium, prothrom- 
bin and the labile factor. (The latter is a re- 
cently discovered principle that can be con- 
sidered as part of the prothrombin complex. 
It is also known as factor V and ac-globulin.) 
No formation of thrombin takes place until 
free thromboplastin becomes available. For 
this to occur, platelets must disintegrate since 
they contain the activator of thromboplastin- 
ogen. Without platelets no coagulation occurs. 
As soon as thrombin is formed, it enzymati- 
cally converts fibrinogen to fibrin, and equally 
important it acts on the platelets making them 
labile thereby causing them to disintegrate. 
As a result they liberate additional activator, 
and more thromboplastinogen is converted to 
the reactive state; therefore, more thrombin 
results and an autocatalytic reaction is ini- 
tiated. 

Since thrombin because of its action on 
platelets has the power to set off a chain re- 
action that potentially could coagulate all the 
fibrinogen and convert all of the circulating 
blood into a solid clot, it becomes exceedingly 
important to learn what safeguards are pro- 
vided to prevent this reaction from getting out 
of control. Serum contains an agent contained 
in the albumin fraction (7) which possesses 
the power to inactivate large quantities of 
thrombin. It has long been held that this 
serum antithrombin is the important agent 
employed by the organism to guard against 
intravascular clotting. This view, however, is 
erroneous since the neutralization of thrombin 
is not fast enough to prevent the chain reac- 
tion to occur. Quick and Favre-Gilly (10) 
have found that the true primary physiological 
antithrombin is fibrin which removes throm- 
bin by adsorption. These investigators found 
that in the clotting of blood in a test tube, only 
a minute amount of prothrombin is converted 
to thrombin. Due to the enormous surface of 
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Fig. 1. The coagulation mechanism. A chain reaction 
is brought about by the labilizing effect of thrombin on the 
platelets. The adsorption of thrombin to fibrin is the pri- 
mary factor for the control of the chain reaction. 


the fibrin reticulum in the clot, the thrombin is 
promptly removed by adsorption, consequent- 
ly the chain reaction cannot be initiated. Only 
when the intimate contact of serum with the 
fibrin surface is destroyed, either mechanically 
by centrifugation or physiologically by clot 
retraction, is the thrombinogenic reaction al- 
lowed to go rapidly to completion. 

The fibrin coagulum does not function as a 
static mechanical plug. In the intact unre- 
tracted clot, prothrombin is slowly converted 
to thrombin, which is then continuously ad- 
sorbed by the fibrin. As the adsorptive capac- 
ity of fibrin is reached, platelets which adhere 
to its surface gradually undergo lysis. Besides 
liberating the activator of thromboplastino- 
gen, a powerful vasoconstrictor agent is also 
set free. It is highly probable that this sub- 
stance plays a major role in effecting hemo- 
stasis. In accordance with this concept, the 
clot outside the injured vessei is equally as 
effective as one in the lumen of the vessel. It 
is unnecessary to postulate the necessity of an 
intravascular clot for hemostasis. Since the 
retractile force of the clot is extremely low, it 
is unlikely that clot retraction has much phys- 
iological importance normally. 


THE MECHANISM OF VENOUS THROMBOSIS 


With this brief résumé of the new theory of 
hemostasis, the problem of venous thrombosis 
can be analyzed. Since coagulation necessi- 
tates, as the initiating cause, disintegrating 
platelets, it is logical to postulate that a throm- 
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Fig. 2. The probable sequence in the formation of a 
thrombus: a, localized area of injury of vessel wall with 
adherence of platelets; b, agglutination and disintegration 
of platelets with formation of thrombin and a reticulum of 
fibrin enmeshing intact platelets; c, retraction of primary 
clot causing a serum to be exuded which is rich in nascent 
thrombin; d, formation of a new clot built upon the original 
thrombus; e, the growth of the thrombus by successive 
layers of coagulum which on retraction furnishes the throm- 
bin for subsequent clots. 


bus begins as a clumping of platelets. Normal 
endothelium does not allow the adherence of 
platelets since, as Moolten and his co-workers 
have shown by an ingenious device of studying 
the meniscus of an entrapped air bubble in a 
small vessel, it acts as a nonwettable surface. 
Even minor disturbance may alter the physio- 
chemical behavior of the endothelial lining and 
permit the adherence and agglutination of 
platelets as pictured in Figure 2. As the plate- 
lets undergo lysis, thrombin is produced and 
a reticulum of fibrin enmeshing the cellular 
elements of the blood is formed. As in a test 
tube, the initial or primary clot undergoes re- 
traction and expresses a serum rich in nascent 
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Fig. 3. The quantiative relation of clot retraction to the 
platelet count. The tubes were incubated at 37 degrees C. 
for 1 hour. The numbers on the tubes are the platelet 
counts. 


thrombin. If the circulation is rapid the serum 
is promptly washed away and the thrombus 
fails to propagate. When the circulation is 
sluggish, the extruded serum causes the clot- 
ting of blood about the thrombus and a new 
clot is built on the old thrombus. It in turn 
retracts and fresh serum brings about an ad- 
ditional extension of the thrombus. Due to 
the flow of blood, the growth of the clot is 
principally at the tip and in the direction of 
the stream. Not only does the retraction ex- 
plain why the thrombus propagates itself, but 
it clearly accounts for the common observa- 
tion that the clot may be entirely unattached 
to the walls of the vessel except at its locus of 
origin. Such a clot, which may be designated 
as being of the phlebothrombotic type, is si- 
lent, i.e., it causes few physical signs such as 
localized tenderness, pain, and swelling. It is 
highly probable that when these signs appear 
and are prominent the thrombus is attached 
extensively to the vessel wall. It is well known 
clinically that the more marked the signs and 
symptoms the lower the incidence of pulmo- 
nary embolism. In true thrombophlebitis, the 
embolic sequelae are strikingly rare. 


THE SIGNIFICANCE OF CLOT RETRACTION 


Although the phenomenon of clot retraction 
has been known for centuries, its sinister sig- 
nificance has apparently been little suspected. 
Hirschboeck and Coffey (4) have noted that 
clot retraction was accelerated in patients who 
had a recent pulmonary embolism. Hirsch- 
boeck (3) has extended these studies and has 
devised a simple test for estimating clot 
retraction. 

Since there are strong theoretical reasons 
why clot retraction is the important factor in 
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Thrombin 0.005 cc 


Fig. 4. The effect of thrombin on clot retraction. The 
addition of 0.005 cubic centimeter of thrombin to a mixture 
of washed platelets and a purified fibrinogen solution 
brought about complete coagulation of the fibrinogen but 
no clot retraction; whereas 0.1 cubic centimeter of thrombin 
produced marked clot retraction. 


the propagation of a thrombus, and some clin- 
ical evidence that pulmonary embolism is 
more apt to occur when clot retraction as 
measured in a test tube is accelerated, it is 
highly important to consider the known facts 
about clot retraction. It has been known since 
the classical work of Hayem that platelets are 
indispensable for clot retraction, and further 
that only intact platelets are functionally ef- 
fective. The greater the number of platelets 
the more rapid and more complete is the proc- 
ess as shown in Figure 3. Tocantins has ob- 
served that intact platelets adhere to fibrin 
strands and cause the twisting, bending, and 
shortening of the shafts thereby bringing about 
a shrinking of the reticulum. 

By means of a simple experiment of mixing 
washed platelets with a solution of fibrinogen 
and adding varying amounts of thrombin, it 
can readily be shown that these three agents 
alone determine retraction. It can be seen 
from Figure 4 that a small amount of throm- 
bin will cause complete conversion of fibrino- 
gen to fibrin, but produce no retraction. Only 
when the amount of added thrombin is greatly 
increased, does retraction occur. From this it 
can be concluded that the speed and amount 
of thrombin formation determines the rate and 
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degree of clot retraction provided the platelet 
count is normal. 

From Figure 1, one can deduce that the 
speed of thrombin formation depends on the 
level of prothrombin and on the concentration 
of thromboplastinogen. Perhaps, too, a regu- 
lating factor that acts on the platelet activator 
should be considered, but not enough work 
has been done to evaluate its importance. 

Since the prothrombin is fairly constant, 
the important variable is the thromboplastino- 
gen concentration. By means of the prothrom- 
bin consumption test which estimates available 
thromboplastin by determining the amount of 
prothrombin remaining after blood has coag- 
ulated under standardized conditions, it has 
been found that marked variations in the 
thromboplastinogen concentration of the 
blood can occur. It is not unlikely that this 
may be a factor in the thrombolic tendency, 
but more study is required before a positive 
statement is justified. 


ANEMIA AND CLOT RETRACTION 


Thus, it can be concluded that clot retrac- 
tion is influenced first by the number of circu- 
lating platelets and second by speed and quan- 
tity of thrombin production. A third factor 
influencing retraction, which is mechanical, is 
cell volume. The greater the number of cells, 
the bigger the bulk of the nonretractile part 
of the clot. The influence of cell volume on 
clot retraction is easily demonstrated experi- 
mentally. In Figure 5, the influence on clot 
retraction is shown when the hematocrit read- 
ing is varied but the platelet count maintained 
constant. These results are in accord with the 
well known observation that clot retraction is 
faster and more pronounced in anemic than 
in normal blood. 


TREATMENT 


It becomes apparent that an important and 
logical approach to the prevention of venous 
thrombosis is to reduce the clot retractility of 
the blood. Up to the present time, little is 
known about influencing the platelet count. 
No practical method is available to reduce the 
number of circulating platelets. In regulating 
the production of thrombin two therapeutic 
agents are available: heparin and dicumarol. 


Fig. 5. The influence of cell volume on clot retraction. 
The platelet count was maintained constant but the plasma 
volume was progressively increased. 


Heparin requires a cofactor present in the 
serum albumin fraction (7). It acts as a power- 
ful antithrombin and also as an antiprothrom- 
bin. Although it is widely used clinically, the 
minimum effective therapeutic dose has not 
been accurately determined. 

Dicumarol, which is the most widely em- 
ployed drug in the prevention and treatment 
of thrombosis, reduces the production of 
thrombin by lowering the prothrombin level 
of the blood. According to the new hypothesis 
any reduction of thrombin formation lowers 
clot retractility and, therefore, the thrombotic 
tendency. It follows that even a slight de- 
pression of the prothrombin level will tend to 
be beneficial. In practice one strives to lower 
the prothrombin to such an extent that max- 
imum therapeutic benefit is obtained with a 
minimum danger from hemorrhage. A level of 
20 per cent of normal as measured by the one 
stage prothrombin time test has been found to 
be the ideal level. 

It should be mentioned that Quick and Ste- 
fanini (11) have recently shown that pro- 
thrombin in circulating human blood is pres- 
ent partly in a free or active state and partly 
in a precursor or inactive form. Only the ac- 
tive prothrombin appears to participate di- 
rectly in the clotting of blood; therefore, in 
the control of dicumarol dosage, it is important 
to know the concentration of the active pro- 
thrombin. The original one stage method with 
the use of acetone dehydrated rabbit brain as 
the source of thromboplastin appears to be the 
only reliable procedure for measuring specif- 
ically the free fraction of prothrombin. Inter- 
estingly, preliminary studies indicate that the 
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free prothrombin drops immediately after di- 
cumarol while the inactive fraction often only 
begins to decrease after several days. 
Although it is felt by many surgeons that 
the incidence of thrombosis is increased by 
anemia, it is strange that anemia is rarely 
stressed as an important etiological factor. In 
the discussion of a paper read by Glynn in 
1924 on pulmonary embolism, Shaw pointed 
out the importance of anemia as a causal fac- 
tor of thromboembolism and the chairman, 
Dr. Donald, agreed with this observation. 
Thromboembolic complications are relatively 
common in the presence of cancer and in these 
conditions anemia is almost always present. 
Ochsner also lists anemia as a possible factor 
in thrombosis but he attributes the higher 
incidence of thrombosis in anemic patients to 
a diminution of cardiac tone. There is thus 
evidence that anemia predisposes to thrombo- 
embolism, and it appears logical that this ten- 
dency can be explained by the pronounced 
clot retractility of anemic blood. The anemia 
following acute hemorrhage seems particularly 
dangerous because it is often followed by a 
thrombocytosis. If the concept which has been 
presented is correct, it follows that transfusion 
to correct the anemia constitutes an important 


prophylactic measure against thrombosis and 
pulmonary embolism. 


SUMMARY 


A simple explanation for the formation and 
propagation of a thrombus within a vein is 
offered. Due to an injury of the vessel wall, 
even though it be minor, a rough surface is 
produced to which platelets adhere. As these 
cells disintegrate, thrombin is produced and 
the formation of thrombus is initiated. This 
primary thrombus undergoes contraction and 
exudes a serum rich in nascent thrombin. If 
the circulation is sluggish, this serum will not 
be washed away promptly; but instead it will 
cause the formation of a secondary thrombus 
upon the original fibrin clot. As the new addi- 


tion to the primary coagulum retracts, it gives 
rise to further growth of the thrombus. Clot 
retraction not only explains the propagation 
of the clot, but it also accounts for its non- 
attachment to the vessel wall except at the 
site of origin. 

It can be postulated that any means which 
diminishes or slows clot retraction should be 
valuable prophylactically against thrombosis. 
The reduction of the number of circulating 
platelets is a theoretical means but is not fea- 
sible clinically. The reduction of the potential 
formation of thrombin is readily accomplished 
by heparin and by dicumarol. Particularly 
important as a prophylactic measure is the 
correction of anemia, since the lower the cell 
volume, the greater the retractility of the clot. 
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AN EXPERIMENTAL STUDY OF HEALING IN 
THE COMMON BILE DUCT 


THOMAS C. DOUGLASS, M.D., F.A.C.S., BENJAMIN F. LOUNSBURY, M.D., 
WILLIAM W. CUTTER, M.D., and NICHOLAS WETZEL, M.D., 
Chicago, Illinois 


NE of the most stubborn problems 
in surgery today involves the proc- 
ess of healing in the common bile 
duct. Whereas other anastomoses 

in the gastrointestinal tract proper heal quite 
well, with a minimum of constriction, anasto- 
mosis of the common duct carries a high po- 
tentiality for subsequent stricture formation. 
The literature relating to the prevention or re- 
pair of stricture formation reflects the unsatis- 
factory status of present methods. It is gen- 
erally accepted that the majority of common 
duct strictures are the result of improperly per- 
formed cholecystectomies (2,4,5,9,16). More 
careful attention to the detailed anatomy dur- 
ing the performance of cholecystectomy should 
practically eliminate strictures of the common 
bile duct. The surgical problem of restoring 
biliary-intestinal continuity through or around 
a strictured common duct is a difficult one. 

A large number of solutions to this problem 
have been offered by contemporary surgeons 
as well as by distinguished surgeons of the past 
three or four decades. From all these sugges- 
tions several facts are agreed upon. First, the 
sphincteric action of the papilla of Vater ap- 
pears to prevent ascending cholangitis. There- 
fore, it is worth preserving, if this is at all pos- 
sible, by restoring the flow of bile from the 
proximal common duct through the distal 
common duct, whatever the means of bridg- 
ing the intervening gap. End-to-end anasto- 
mosis, as advocated by many and most re- 
cently by Allen, Cattell, and Cole, is a most 
desirable repair if it is technically feasible. If 
this method of restoration is impossible, anas- 
tomosis of the proximal duct to a Roux-Y arm 
of jejunum, as practiced by Whipple, Cole, 
and others, has the advantage of introducing 
the bile into a segment of bowel which is out 
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of the stream of intestinal content. However, 
as Colp (4) has pointed out, this does not elim- 
inate entirely the subsequent occurrence of 
cholangitis from infection ascending the jeju- 
nal segment into the common duct. Most 
authors agree that the use of artificial mate- 
rials, such as vitallium, rubber, or plastic tubes, 
and even such substitutes as fascial and vein 
grafts, to bridge defects in the common duct 
carries a high risk of ultimate plugging of the 
lumen of the substitute by bile salt precipi- 
tates or fibrosis (3,7,8,9,14,16). Staged meth- 
ods of restoring the common duct, depending 
upon transplantation of external biliary fistu- 
las or growth of the duct over a temporary 
bridge such as a catheter or T-tube, often fail 
because of subsequent constriction of the re- 
placement tract. The constriction is blamed 
on insufficient blood supply (17) or incom- 
plete epithelization of the tract (15). 
Halperin performed experiments on dogs to 
determine whether the ductal epithelium would 
regenerate along a prosthesis used to bridge 
the gap. He concluded that regeneration from 
each cut end of the duct was minimal and in- 
sufficient to epithelize a gap of any significant 
length. He cited some postmortem findings in 
patients who had had a prosthesis introduced 
into their biliary tracts to substantiate his con- 
clusions and referred to experimental work 
done in 1908 by Sullivan. The latter investi- 
gator connected the hepatic duct to the duo- 
denum in dogs by means of a rubber tube. 
The internal fistula which subsequently devel- 
oped was incompletely lined by epithelium. 
Its midportion was always fibrous tissue and 
was potentially the site of constriction. 
McWhorter (11,12), reporting in 1929 and 
1932 on experimental methods of suturing the 
common duct, found that an excess of fibrous 
tissue followed an end-to-end anastomosis in 
2 of 3 animals. He believed that physiologic 
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Fig. 1. Vertical incision and closure of wound in common 
duct. 


rest was necessary in the healing process. To 
substantiate this hypothesis he subsequently 
performed plastic repairs on a number of ani- 
mals, diverting the bile by ligating the com- 
mon bile duct and draining the gall bladder. 
There was sound healing in 9 of 13 animals so 
treated, with minimal fibrous tissue reaction. 
Since these results seemed to implicate bile in 
the formation of strictures, an experimental 
study of the whole problem of healing in the 
common bile duct and of the factors which 
are involved in the production of strictures of 


that duct certainly appeared to be worthy of 
investigation. 

Various experimental procedures were car- 
ried out on the common ducts of 65 dogs in a 
study divided into four phases. 


Fig. 2. Low power microscopic section of common bile 
duct showing marked thickening in healing process 62 days 
after vertical incision and suture. Hematoxylin and eo- 
sin, 


Fig. 3. Transection and suture of common bile duct. 
Note plastic tube in lumen of duct on right. 


In the first phase a vertical 1 centimeter in- 
cision was made in one wall of the common 
duct (Fig. 1), and then the gross and micro- 
scopic progress of healing was studied at vari- 
ous intervals. All of this first group of 22 ani- 
mals survived. No attempt was made to di- 
vert the bile from the wound, which was me- 
ticulously closed with a continuous No. oo00o 
Deknatel suture on an atraumatic needle. The 
dogs were sacrificed at intervals from 1 day to 
62 days postoperatively. One dog developed a 
bile peritonitis which could have been fatal 
had the animal not been sacrified on the sec- 
ond postoperative day. In no instance was 
any obstruction of the common duct found at 
the site of healing of the incision, but each 
specimen showed a great thickening of the wall 
of the duct at that point. Gross examination 
of the excised ducts disclosed marked fibrosis 
in the area of healing, with intrusion upon the 
lumen of the duct, giving it the configuration 
of a new moon (Fig. 2). Microscopically, the 
site of healing exhibited great numbers of in- 
flammatory cells and fibrous tissue elements. 
The mucosa was heaped up and redundant 
over the greatly thickened media. 

In the second phase of the investigation the 
common duct was completely transected and 
then repaired by end-to-end anastomosis (Fig. 
3), toapproximate the clinical conditions which 
obtain when a stricture has been excised. The 
procedure was performed in 13 dogs, using 
careful technique and employing from 5 to 7 
interrupted sutures of fine Deknatel silk to 
make the anastomosis. As in the first group 
of dogs, no attempt was made to divert the 
bile from the healing surface in any way. In 
7 dogs the suturing was facilitated by placing 
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Fig. 4. Low power microscopic section of common bile 
duct showing marked thickening in healing process 12 days 
after transection and suture. Hematoxylin and eosin, <8. 


a small piece of soft plastic tubing free in the 
lumen of the duct to support the duct wall 
while its edges were being approximated. In 
the other 6 dogs no such support was utilized. 
Of those dogs in which the duct was closed 
over a tube only 1 died, as a result of leakage 
at the suture line. Of the 6 dogs in which the 
duct was closed without an indwelling tube, 4 
died of bile peritonitis. Thus, there were 5 
deaths in the group of 13 dogs. The 8 dogs 
which survived were sacrificed at intervals of 
2 to 28 days after operation. Three of these 
showed satisfactory repairs. The other 5 ex- 
hibited dilatation of the ducts proximal to the 
anastomosis, indicating some degree of ob- 
struction. Examination of the suture line 
showed a minimum of fibrosis in the 3 satis- 
factory repairs; in the others the scar was thick- 
ened and markedly fibrotic (Fig. 4), much as it 
had been in the first group of dogs. 

Since healing in these first two groups of ani- 
mals, with no diversion of bile from the suture 
line, resulted in such a degree of fibrosis, it 
seemed logical to study the nature of the heal- 
ing process as it progressed in the absence of 
bile. Therefore, in a third group of dogs the 
duct was transected and repaired by end-to- 
end anastomosis, but the bile was completely 
diverted by placing a catgut ligature around 
the duct proximal to the repair and draining 
the gall bladder externally (Fig. 5). The ade- 
quate functioning of the cholecystostomy for 
the first week or 10 days was insured by sutur- 
ing the rubber drainage tube into the fundus 
of the gall bladder and onto the abdominal 
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Fig. 5. Transection and suture of common bile duct with 
complete diversion of bile by obstruction of the duct and 
drainage of the gall bladder. 


skin and by approximating the gall bladder to 
the parietal peritoneum with several inter- 
rupted sutures. In the first animals of this 
series the anastomosis was performed over an 
indwelling tube, but this support was aban- 
doned in later animals as unnecessary. In the 
first animals No. oo chromic catgut was used 
for the proximal ligature, but as these animals 
were sacrificed it became evident that the slow 
absorption of this type of catgut left the duct 
permanently constricted at the point of liga- 
tion. In the last 9 dogs of this group plain 
catgut was used. 

This procedure was employed in 15 dogs, all 
of which survived, to be sacrificed 28 days 
postoperatively. The first animal of the series 
developed a stricture at the line of anastomo- 
sis. In 8 of the dogs some degree of stenosis 


Fig. 6. Low power microscopic section of common bile 
duct showing minimal thickening in healing process 30 days 
after transection and suture with complete diversion of bile. 
Hematoxylin and eosin, X 4. 
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Fig. 7. Transection of the common bile duct and suture 
with partial diversion of bile by means of plastic tube going 
through anastomosis to the outside. 


developed at the point where the catgut liga- 
ture was placed about the proximal common 
duct. In all but the first dog the anastomosis 
was very well healed. Grossly the inner sur- 
face of the suture line looked like adjacent 
mucosa, and often the actual line of healing 
could not be determined by inspection alone. 
In most instances the anastomosis felt slightly 
thickened, although longitudinal sections 
through the suture line often failed to show 
any appreciable increase in the thickness of 
the wall (Fig. 6). The microscopic sections 
showed some slight fibrosis in all specimens, 
but this was uniformly much less than was 
seen in the first two groups. 

In the fourth group of dogs another means 
of diverting the bile was employed. The meth- 
od just cited is hardly applicable to the human, 
since so often no gall bladder remains and the 
proximal common duct is too short. One would 
be very reluctant, moreover, to place a liga- 
ture about the common duct deliberately, re- 
gardless of the subsequent absorption of that 
constricting tie. Therefore, the experimental 
method was altered to approximate what can 
be done clinically, in a manner similar to that 
suggested by McArthur. A snugly fitting poly- 
thene tube was introduced into the common 
duct just above the duodenum and pushed 


Fig. 8. Low power microscopic section of common bile 
duct showing slight thickening in healing process 30 days 
after transection and suture with partial diversion of bile. 
Hematoxylin and eosin, X4. 


proximalward as far as possible. It was held 
there by suturing it to the duct. The com- 
mon duct was then transected, about ro milli- 
meters proximal to the point of exit of the tube 
from the duct. This transection was then re- 
paired in the usual end-to-end manner with 
fine interrupted sutures (Fig. 7). To prevent 
premature removal of the polythene tube it 
was sutured to the peritoneum, fascia, and 
skin as it was brought out through the wound. 
Of the 15 dogs in this group 5 died of bile peri- 
tonitis. In all of these it was obvious that the 
peritonitis resulted from premature withdrawal 
of the drainage tube by the animal and subse- 
quent leakage of bile. The 10 dogs which sur- 
vived were sacrificed at 4 weeks. Of these, 1 
dog had a poor approximation of the cut ends 
of the duct, with the result that a stricture de- 
veloped at the suture line. The other 9 dem- 
onstrated good healing with a minimum of 
fibrosis and no stricture at the anastomosis. 
The site of healing showed much less fibrosis 
than either of the first two groups but slightly 
more than was seen in the third group. There 
was some scarring grossly visible at the point 
of exit of the drainage tube. Microscopically 
some thickening could be seen at the line of 
anastomosis (Fig. 8), but it was relatively in- 
significant when compared with the scarring 
in the first two groups of dogs. Trabeculation 
of the mucosa, seen only at the actual line of 
union in the third group of dogs, and there to 
only a very slight degree, was uniformly pres- 
ent but not extensive in this fourth group, 
spreading out for a millimeter or so in each 
direction from the anastomosis. 


DISCUSSION 


It appears from this experimental work that 
the healing process in the common bile duct is 
accompanied by marked fibrosis, which occurs 
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despite careful technique with fine suture ma- 
terial. This fibrosis undoubtedly accounts for 
the poor results often noted clinically in recon- 
struction of the bile ducts. 

The cause of the extensive fibrosis noted in 
the first two groups of animals seems to be al- 
most certainly the irritating effect of bile, 
since diversion of bile eliminated this thicken- 
ing for all practical purposes. It is not be- 
lieved that devascularization and necrosis are 
factors in this poor healing, as suggested by 
Shapiro and Robillard. Previous work by 
Douglass and Cutter has shown that there is 
an abundant blood supply to the common bile 
duct in the human and that only the grossest 
type of surgery would ordinarily devascularize 
any segment of the duct. 

From a clinical point of view ascending in- 
fection, which often follows implantation of 
the duct into the duodenum, makes it highly 
desirable to reconstruct the duct system so as 
to utilize the sphincteric mechanism of the pa- 
pilla when this is possible. The suggestions of 
Allen, Cattell, Cole, and Lahey for mobilizing 
the duodenum in order to compensate for loss 
in length of the duct increase the number of 
cases in which an end-to-end anastomosis may 
be performed. 

The present work provides experimental evi- 
dence in support of this widely accepted clin- 
ical method and confirms the impression that 
first, an anastomosis must be carefully done, 
bringing ductal mucosa to ductal mucosa; sec- 
ond, a supporting tube aids in suturing the 
duct; and third, diversion of bile as completely 
as possible from the suture line improves the 
results. 

CONCLUSIONS 

1. Healing in the common bile duct of dogs 
is accompanied by a marked fibrosis, out of 
proportion to that seen in wounds of the gas- 
trointestinal tract, despite the use of fine su- 
ture material and careful surgical technique. 

2. Fibrosis and stricture occur in a high 
percentage of cases of end-to-end anastomosis 
of the common bile duct of the dog. 
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3. Diversion of bile from the healing wound 
of the common bile duct of the dog minimizes 
fibrosis and stricture formation. 

4. An accurate anastomosis, with as com- 
plete diversion of bile as possible, is a satisfac- 
tory method of reconstructing the common 
bile duct in the dog and gives a high percent- 
age of good results without fibrosis. 
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N our experience, less than 15 per cent of 
the patients suffering from duodenal 
ulcer fail to respond either permanently 
or temperarily to effective medical treat- 

ment. However, surgery is advised when the 
symptoms fail to respond to adequate medical 
management, when hemorrhages occur, when 
the pyloric stenosis becomes refractory to con- 
servative therapy, and when an acute perfor- 
ation occurs. 

Our patients, especially those admitted to 
the ward surgical service, average 45 years of 
age and have usually had symptoms for about 
12 years. They have had at least one course, 
and usually several, of medical management. 
Physically, many show the devitalizing physi- 
cal effects of recurrent ulceration. Months and 
years of dieting, often inadequate in caloric 
and vitamin content, and episodes of persis- 
tent vomiting incident to pyloric obstruction 
cause metabolic disturbances resulting in in- 
anition, avitaminosis, hypoproteinemia, de- 
hydration with electrolytic imbalances, and 
often alkalosis. Severe hemorrhage or inter- 
mittent blood loss from a duodenal erosion or 
from an ulcer crater may induce an acute or 
chronic anemia with its serious implications. 
These physical impairments and chemical al- 
terations, unless carefully corrected, militate 
against successful surgery. It is of paramount 
importance, therefore, to prepare patients for 
surgery if the mortality is to be kept low and 
if the postoperative morbidity is to be re- 
duced to a minimum. In general, patients 
suffering from chronic ulcer require adequate 
hydration and restoration of electrolytic loss 
by the parenteral administration of saline 
prior to operation. Hypoproteinemia, if pres- 
ent, is corrected by the oral administration of 
a high protein diet supplemented by vitamins. 
If this is impractical because of pyloric sten- 
osis, vitamins, blood, and amino acids may be 
given intravenously to elevate the lowered 
serum proteins. For the past 2 years we have 
discontinued the use of pooled plasma because 
of the possibility of homologous serum jaun- 
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dice. Patients with pyloric obstruction evi-— 


denced by marked gastric dilatation demand 
special attention. Vomiting, resulting in the 
loss of chlorides in the gastric juice, is reflected 
in the lowered chloride content of the blood 
and the high carbon dioxide combining power. 
Intravenous saline in adequate amounts will 
usually correct the alkalosis. In addition, hot 
gastric lavages in most instances will relieve 
the pylorospasm and also allay the local in- 
flammatory reaction to such a degree that 
eventually gastroduodenal continuity is re- 
stored. If in spite of these conservative 
measures the pyloric stenosis is unrelieved, 
and alkalosis becomes increasingly severe, a 
preliminary jejunostomy for alimentation is 
indicated. Further corrective surgery may 
then be performed later, when the physical 
condition of the patient has improved. 

The treatment of the bleeding duodenal 
ulcer requires special consideration and often 
critical surgical judgment as to the proper 
time when operation should be performed. We 
do not feel that severe hemorrhage in patients 
over 45 years of age is an absolute indication 
for emergency surgery within 48 hours. In 
approximately 606 operations for duodenal 
ulcer, exploration was carried out in only 6 
patients during the stage of acute massive 
hemorrhage. These were cases in which the 
bleeding apparently was constant and of such 
volume that the circulation was not main- 
tained by transfusions of blood given in ade- 
quate amounts. While it is true that occasion- 
ally patients will die following conservative 
therapy, in our experience with bleeding duo- 
denal ulcer the immediate results obtained by 
either starvation therapy or preferably the 
Meulengracht regimen supplemented by the 
judicious administration of blood are better 
than those obtained by routine emergency sur- 
gery. While transfusion of blood may effec- 
tively increase the red cell count, raise the per- 
centage of hemoglobin, elevate the blood pres- 
sure, and eliminate preoperative shock so that 
exploration may be performed in these cases, 
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the dire effects of a prior tissue anoxemia pre- 
disposed to serious and often fatal postopera- 
tive complications. From 1937 to 1943, we 
were inclined to operate in cases of hemorrhage 
within a week or two after blood disappeared 
from the stools and the physical condition of 
the patient appeared to warrant surgery. The 
resultant mortality was 12 per cent. Since 
then we have become much more conservative. 
Definitive surgery is now deferred until these 
patients have recovered from the physical 
effects of hemorrhage and have had the benefit 
of at least 4 to 6 weeks of controlled convales- 
cent care. Operation may then be performed 
with the minimal risk. 


SURGICAL TREATMENT 


There are many surgical procedures for 
chronic duodenal ulcer. The operation of 
choice in this clinic for the past 25 years has 
been subtotal gastrectomy of the Billroth II 
type. The mortality at present is minimal. 
By and large the follow-up results are excellent 
and most patients are restored to economic 
usefulness. At the present stage of our knowl- 
edge it still seems to be the best method of 
surgical attack. 

Generally spinal anesthesia is used because 
it gives the greatest amount of muscular re- 
laxation, thus affording adequate exposure 
with a minimal amount of retraction. Unfor- 
tunately, it does not eliminate pulmonary 
complications. The latter still contribute to 
the morbidity of gastric surgery, but since the 
widespread use of the newer antibiotics, such 
complications rarely contribute to mortality. 
In patients judged unsuitable for spinal anes- 
thesia, inhalation anesthesia of cyclopropane 
supplemented with curare is used. The me- 
dian epigastric incision extending from the 
ensiform to the umbilicus is employed routine- 
ly for exploration. It might not be amiss to 
mention a few points in the technique of sub- 
total gastrectomy which we believe to be im- 
portant and significant. If a gastric resection 
is to be performed, it is highly desirable that a 
rim of duodenum, the pylorus, antrum, and as 
much of the corpus be removed as is feasible. 
The gastric segment which remains should be 
about % to % of the stomach. This estimate 
should be in terms of fractions of the total 
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stomach rather than a linear measurement of 
the resected specimen which may vary directly 
as to the extent of gastric dilatation present. 
We believe that while excision of the duode- 
nal ulcer is highly desirable, it is not an essential 
part of the procedure as long as the pylorus is 
completely removed. In some cases the re- 
moval of the ulcer is extremely difficult. It 
may entail possible injury to pancreatic tissue 
or to the terminal portion of the common bile 
duct, two complications which are productive 
of undesirable sequelae. With the complete 
sidetracking of gastric contents, it is reason- 
able to suppose that any ulcer left in the blind 
stump of the duodenum, bathed in the alka- 
line secretions of bile and pancreatic juice, will 
heal completely and remain healed. This was 
evident in 3 cases of gastrojejunal ulcer follow- 
ing a partial resection with prepyloric exclu- 
sion for a large penetrating ulcer with massive 
exudation. At the time of the second opera- 
tion, the inflammation previously noted about 
the duodenum had completely disappeared. 
Moreover, it is difficult to see how a small scar 
of a duodenal ulcer any more than the larger 
cicatrix of a healed duodenal stump should 
bear any relationship to the etiology of gastro- 
jejunal ulcer. Furthermore a study of a series 
of patients who were carefully followed after 
subtotal gastrectomy showed that jejunal 
ulcer was no more frequent in patients in 
whom the ulcer was left im situ than in those 
in whom it was radically excised, provided 
that the pylorus was completely removed. 
Most fatalities following subtotal gastrec- 
tomy are due to a dehiscence of the sutured 
duodenum resulting in a general peritonitis. 
The closure of the transected duodenum must 
be carefully and meticulously performed. We 
never suture the duodenum over a clamp. The 
opened duodenum is closed with a Connell in- 
version suture of linen reinforced by a Lem- 
bert of the same material. The stump is then 
buried against the head of the pancreas by in- 
terrupted sutures. If there is any doubt as to 
the security of the suture line, and dehiscence 
is envisioned as a possibility, drainage is used. 
Certainly, in many cases in which there has 
been a postoperative leakage of duodenum 
contents, the drain has been of inestimable 
value in localizing the peritoneal process and 
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preventing a generalized spread of the infec- 
tion. Relatively few two stage procedures 
have been performed. With adequate preop- 
erative preparation, the marked inflammatory 
reaction about a penetrating ulcer has been 
reduced to the minimum. 

Following the removal of the gastric seg- 
ment and the closure of the duodenum, gastro- 
intestinal continuity is effected by a termino- 
lateral gastroenterostomy of the Hofmeister 
type. Prior to 1941, a retrocolic anastomosis 
was made. Since then the gastrojejunostomy 
has been made anterior to the large bowel. 
The anastomosis of the jejunum is started 5 
to 6 inches from the ligament of Treitz, with 
the proximal loop at the greater curvature of 
the stomach. If the omentum is unusually 
large and particularly fatty, it is excised before 
the anastomosis is made. No difficulty has 
been experienced with the short proximal jeju- 
nal loop either postoperatively or later. Occa- 
sionally roentgenograms of the large bowel 
reveal that the transverse colon is slightly 
compressed, but this has given rise to no clin- 
ical symptoms. Moreover, no differences have 
been observed in the functioning of the an- 
terior as compared with the posterior anas- 
tomosis. We have been impressed with the 
simplicity and advantages of the antecolic 
type of terminolateral gastrojejunostomy. The 
operation is technically easier and eliminates 
the possibility of injury to the middle colic 
artery and of intestinal obstruction due to pro- 
lapse of small bowel into lesser omental sac. 

At the conclusion of the operation the me- 
dian incision is now closed in layers in addition 
to the through-and-through heavy silk su- 
tures. This type of closure has diminished the 
incidence of postoperative hernias. Postoper- 
atively a Levin tube is left in the stomach until 
bile appears in the gastric contents and peris- 
talsis returns. Parenteral fluids are adminis- 
tered until an adequate oral intake is estab- 
lished. Penicillin is given routinely. Patients 
are usually allowed out of bed on the first day 
after operation. Early ambulation apparently 
has minimized many previous postoperative 
complications. The problem of gastric atony 
following operation is no longer a serious one. 
Formerly there were many of these cases, 
probably the result of prolonged operative 
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trauma. At the time, to overcome this serious 
complication, we advocated complementary 
jejunostomy for alimentation, which proved 
most helpful. In the past few years this has 
not been found to be necessary. 


MORTALITY AND MORBIDITY 


The mortality of subtotal gastrectomy for 
chronic duodenal ulcer has gradually been re- 
duced. During the first 3 years, from 1937 to 
1940, the operative mortality was about 10 
per cent in all primary cases including those 
in which bleeding and previous perforation 
had occurred. From 1940 to 1943, it dropped 
to 4.2 per cent. In the past 6 years the opera- 
tive mortality was 1.9 per cent. Since January 
1, 1946, to December 31, 1949, subtotal gas- 
trectomy for duodenal ulcer was performed 
without mortality in 246 consecutive cases on 
the ward and private services of the senior 
surgeon. The reduction in mortality may be 
ascribed to several factors: the postponement 
of operation in bleeding patients until they 
have adequately recovered from the effects of 
the hemorrhage, improved preoperative prep- 
aration, and improvements in the operative 
technique, especially as far as the closure of 
the duodenum is concerned. Undoubtedly the 
use of antibiotics has rendered pulmonary in- 
fections less severe and possibly has reduced 
the incidence of peritoneal infection. 

The follow-up of these patients reveals that 
the great majority are well. Some of the pa- 
tients have been unable to gain weight. There 
have been instances of the dumping syndrome 
which disappeared in most cases. The etiology 
of this distressing condition is still obscure and 
any treatment is usually ineffectual. These 
patients, fortunately few, face a miserable 
future, but it must be remembered that the 
dumping syndrome may follow cases of gastro- 
enterostomy and has been observed in patients 
who have had no gastric surgery. There is 
still a small percentage of cases in which the 
recurrence of pain and bleeding are indications 
of gastrojejunal ulceration. This occurred in 
9 per cent of one series followed from 5 to 10 
years, but in only 3 per cent were the symp- 
toms sufficiently severe to require further sur- 
gery. Some of the failures were undoubtedly 
due to inadequate resections, and others due 
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TABLE I.—FOLLOW-UP RESULTS (2 TO 42 
MONTHS) IN 190 OF 221 CASES OF DUO- 


COLP: SURGICAL MANAGEMENT OF DUODENAL ULCER 


399 


TABLE II.—GASTROENTEROSTOMY PLUS INFRA- 
DIAPHRAGMATIC VAGOTOMY IN 37 CASES 


DENAL ULCER TREATED BY SUBTOTAL GAS- 
Predominant} No. No. 
TRECTOMY WITH AND WITHOUT VAGOTOMY symptom | cases Duration Results | cases | Duration 
Pain 31 | 1% to30 Well 26 | 6 to 44 
Gastrectomy paren years months 
Improved 4 | 26 to 28 
No. of cases} Per cent |No. of cases} Per cent beens 
Well 89 87 80 or * 
Improved To Io 8 9 Bleeding 2 | 3 to14 years | Death 2 
Unimproved (jejunal i No fol- 
Total 88 100 


to factors which up to the present remain un- 
known. In all cases of gastrojejunal ulcera- 
tion, however, an abundant quantity of free 
hydrochloric acid was present following gastric 
aspiration. It is now well recognized that 
gastrojejunal ulcers are not apt to develop in 
the presence of an anacidity, but in only 50 
per cent of the cases in which subtotal gastrec- 
tomy was performed for duodenal ulcer was 
an anacidity evident. This led Klein in 1929 
to advocate left vagus section combined with 
partial gastrectomy for duodenal ulcer in an 
effort further to reduce the postoperative free 
hydrochloric acid. He felt that the partial 
elimination of the psychic phase of gastric se- 
cretion plus the administration of the hor- 
monal phase might produce a greater propor- 
tion of cases of achlorhydria. In 1938, Winkel- 
stein and Berg reported their follow-up results 
with this combined procedure in 34 selected 
cases, in which 26 patients developed an 
achlorhydria, 16 immediately and 10 subse- 
quently. Since the early part of 1946, in an 
effort to diminish the incidence of gastrojeju- 
nal ulceration, bilateral infradiaphragmatic 
vagotomy has been combined with subtotal 
gastrectomy in a group of 86 cases. We be- 
lieve that this combined procedure is espe- 
cially indicated in those patients in whom the 
preoperative acidity is excessively high and in 
whose presenting symptoms are hemorrhage 
without pain, two categories of cases in which 
subsequent jejunal erosion and ulcer are apt 
to occur. We have compared this series with a 
similar group of patients in which a subtotal 
gastrectomy without vagotomy was _ per- 
formed. The addition of infradiaphragmatic 


vagotomy has not added to the mortality but 
it has added to the immediate postoperative 
morbidity. The reaction to operation was 
somewhat more severe, and pulmonary com- 
plications were more frequent. While gastric 
atony is a serious and common complication 
when vagotomy is employed as a solitary pro- 
cedure, its efforts are minimal when division of 
the vagus nerves is performed simultaneously 
with subtotal gastrectomy. Postoperative gas- 
tric retention and vomiting were infrequent 
and mild. Severe diarrhea was not seen, and 
mild diarrhea occurred with the same fre- 
quency in the two groups during the early 
postoperative period. Subsequent loose bowel 
movements were more common in the subtotal 
gastrectomy-vagotomy group. Abdominal dis- 
tention was not frequent in either series and 
could not in any way be attributed to the 
vagotomy. Substernal pain after infradia- 
phragmatic vagotomy which occurred in 4 of 
the cases was never disabling or prolonged. 
Acid secretion studies indicate that this com- 
bined procedure favors the production of an 
achlorhydria. Follow-up studies have re- 
vealed that the differences of symptomatology 
in the two groups were not significant. It is 
far too early to draw any definite conclusions 
regarding the ultimate recurrence rate of jeju- 
nal ulcer in either group, but at the present 
writing there have been 3 cases in the subtotal 
gastrectomy group, and none in the subtotal 
gastrectomy-vagotomy group (Table I). 


OTHER OPERATIVE PROCEDURES 


Unfortunately, the operation of subtotal 
gastrectomy cannot be done in all patients. It 
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TABLE III.—RESULTS IN 21 CASES OF UNCOMPLICATED DUODENAL ULCER 
TREATED BY VAGOTOMY ALONE 


No. Predominant No. 
cases symptom cases 


Surgical approach 


Duration Results 


Duration 


Supradiaphragmatic 


Bleeding | 1% to7 years 


Wel disturbances in} 10 | 39 months 
lasting 1 to 15 months) 


Pain 17 1% to 25 years "sr I 38 months 
Motility disturbances severe; 4 |6to8 months 
reoperated upon 
Recurrent ulcer* 5 2 to 36 months 
Infradiaphragmatic I Pain x 20 years Motility disturbances, severe; I 18 months 
subsequent gastroenterost 


is contraindicated in those whose general poor 
condition does not respond adequately to pre- 
operative supportive treatment, those who are 
extremely obese, many who are past the age of 
65, those who are afflicted with advanced car- 
diac disease, chronic nephritis with hyperten- 
sion, or severe diabetes. In those patients we 
have performed gastroenterostomy. It seemed 
indicated in about 20 per cent of our cases. It 
is agreed that gastroenterostomy invariably 
heals a duodenal ulcer. The unfortunate com- 
plication of this simple procedure is a high in- 
cidence of gastrojejunal ulcer which has been 
reported as occurring in from 15 to 30 per cent 
of the cases. Since 1946, in cases in which 
gastroenterostomy has been done, comple- 
mentary infradiaphragmatic vagotomy has 
been added in 37 cases (Table II). There were 
2 deaths in this group but this was not attrib- 
utable in any way to the vagotomy. The 
effects of postoperative atony were not as 
marked in those in whom vagotomy was done 
as a sole procedure. The difficulty lasted for 
a short period of time. Perhaps careful follow- 
up studies of those combined procedures over 
the next 5 or 10 years may show a definite re- 
duction in the incidence of gastrojejunal ulcer- 
ation following gastroenterostomy. 

Following the publication of the article by 
Dragstedt and Owens in 1943, in which they 
advocated complete vagotomy in the therapy 


*4 reoperated upon in 2 to 23 months; 1 required medical treatment 36 months. 


of peptic ulcer, we performed this procedure 
in a limited number of cases. There is no 
doubt that severance of the vagus nerves of 
the stomach produces changes which promote 
the healing of the ulcer and possibly prevents 
recurrence in the majority of cases. In Table 
III are the results of 21 cases of vagotomy 
alone for duodenal ulcer. All these patients 
were treated postoperatively in the approved 
manner. They were immediately relieved of 
pain. However, the follow-up results in many 
were not satisfactory. The incidence of gas- 
tric atony, foul belching and vomiting, and re- 
currence of ulcer may be seen in the table. 
Moreover, there appears to be little correla- 
tion between the clinical results obtained and 
the completeness of vagotomy as indicated by 
the insulin test. Our results have convinced us 
that severance of the vagus nerves as a sole 
procedure cannot be offered to patients as a 
reliable therapeutic measure. We have, there- 
fore, discontinued its use. 
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THE USE OF PLASMA VOLUME DETERMINATION AS 
A GUIDE TO SALINE ADMINISTRATION IN 
SURGICAL PATIENTS 


SALVATORE AQUILINA, M.D., and WINFIELD L. BUTSCH, M.D., F.A.C.S., 
Batavia, New York 


N effort to appraise the value of the 
measurement of plasma volume as a 
guide to the administration of physi- 
ologic saline solution in the postoper- 

ative period is presented in this study. A 
program was established whereby observa- 
tions on the effect of sodium chloride admin- 
istration and deprivation on the plasma vol- 
ume, serum chloride concentration, chloride 
excretion, total circulating protein, serum 
protein concentration, hematocrit, and fluid 
output were recorded. 


METHODS AND MATERIAL 


Twenty patients who had undergone sub- 
total gastrectomy for benign ulcer were ob- 
served during the 3 or 4 days postoperatively 
when they were maintained only on parenteral 


fluids. Generally the fluid intake was main- 
tained at 3,0co cubic centimeters daily by the 
intravenous route. All patients were ade- 
quately hydrated at the time of surgery. 
Blood loss incident to surgery was replaced at 
the time of operation. 

Table I, Group A, presents a study of 10 
patients who received various amounts of salt 
postoperatively ranging from 9 to 20 grams of 
sodium chloride in the form of normal saline 
and amigen solutions. Further fluids were 
furnished as glucose and water. Group B 
comprises 10 patients given no salt in the 
early postoperative period. Their fluids con- 
sisted solely of glucose and water. 

Plasma volumes were determined at the 
beginning and the conclusion of the period of 
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observation as well as the usual concentration 
of serum chloride, serum protein, and red cells 
in the postoperative patients. The initial 
plasma volume determination was performed 
immediately after surgery. Daily salt loss was 
measured by the total chloride content of urine 
and gastric output. No attempt was made to 
measure or estimate the sweat loss, though 
thermal changes in the subjects immediate 
environment were minimized. 

Plasma volume determinations were made 
using Evans’ blue T-1824 after the method of 
Gibson and Evans and adapted for use on a 
Coleman spectrophotometer. Total blood and 
cell volume were computed after the hemato- 
crit was simultaneously determined with the 
dye injection. Urine and serum chlorides as 
well as the gastric chlorides were measured by 
precipitation with silver nitrate after Peters 
and Van Slyke. The total serum proteins 
were determined by micro-Kjeldahl digestion 
followed by direct nesslerization and com- 
parison with a suitable standard on a photo- 
electric colorimeter after Campbell and Hanna. 
Hemoglobin concentration were obtained by 
conversion to acid hematein and comparison 
with a suitable standard (5). 

Total red cell volume was arrived at by 
multiplying blood volume by the hematocrit. 
Total circulating protein, which the authors 
designate as available protein, was computed 
by multiplying the serum protein concentra- 
tion by the plasma volume. 


OBSERVATIONS 


Plasma volume. The administration of 11 
grams of sodium chloride daily during the 
postoperative period resulted in a positive 
sodium chloride balance and an increase in the 
plasma volume (Group A, Chart 1). Withhold- 
ing salt during the same period in the patients 


311 


: 
a 


312 


SURGERY, GYNECOLOGY AND OBSTETRICS 


TABLE I.—DETAILED OBSERVATIONS ON 20 PATIENTS FOLLOWING GASTRIC RESECTION 
Group A. Ten patients, various amounts of salt given 


Case 


Days 


Output 


fluid 


Blood 
volume 
ee. 


Plasma 
volume 
c.c. 


Cell 
volume 


Serum 
chloride 
mgm. % 


Serum , Available 
protein protein 
conc. gr. %| gr. 


Urine 


Gastric 


41200 


2,250 


1,950 


117 


Urine 


Urine 


Urine 


Urine 


Gastric 


5,200 


2,880 


2,320 


7.1 


240.5 


46 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


fluid | salt = ein: salt mm. 
| [3,000] o | 1,490 | 5.8 — = 45 
[3,000] o | 1,620 | 6.6 4,450 2,470 1,975 | 5.0 123.8 45 
| |3000] 1 |Z | 6s | — | | = 
a7 650 2.8 
ee "3,000 | 1,550 44 
1,200 4.2 
§,000 | 1,450 4-9 6,190 3,400 2,790 227.8 45 
210 1.6 
| ® | 980 4,550 2,640 1,910 489 166.3 42 
600 4.2 tall 
"3,000 | | rey | | 2,350 480 182.9 
| |3,000] | 1,710 | 42 | 5,600 | 3,050 | 2,550 1708 | 45 
250 4.0 
3000. re 1,600 4.1 5,900 3,300 2,600 184.8 44 
290 3-7 
| 1,080 3.6 6,400 3,500 2,900 241.5 45 
700 4.1 
| 1,080 2.6 6,890 3,800 3,090 230.6 43 
1,880 6.2 
$000 | 1,120 4.2 4,960 2,740 2,220 > 167.4 45 
1,180 3.8 
3,000 | | 1,380 5.4 
470° 
3000. 2,100 6.9 
1,400 6.0 
‘ aed | 3,000 re 7 2,450 8.3 5,400 2,950 2,450 500 6.1 184.9 46 
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TABLE I.—DETAILED OBSERVATIONS ON 20 PATIENTS FOLLOWING GASTRIC RESECTION 
Group A. Ten patients, various amounts of salt given—continued 


Output 
Blood Plasma Cell 
volume volume volume 
salt C.c. Cc. c.c. 
gr. 


6.0 6,400 3,400 3,000 


2.4 
6.4 


4.0 
8.1 
6.4 
6.5 
5.1 


5-3 


3.2 


3-7 


4:3 


75 
3.8 
8.0 


2.7 


2.0 


3-3 


1.9 


4-7 
5.6 


3-9 


2.9 


4.1 


2.5 


1,890 5.3 


2,120 5.1 5,890 3,280 2,610 540 


Ten patients, no salt in the early postoperative period 


1.8 4,720 2,860 1,860 578 


3.2 


2.7 


$2 


2.8 


1.7 


4.0 
3.1 


3-2 
1.9 


2.4 
1.7 


Intake 
Sea Serum Serum | Available | Hemato- pas 
Case | Days chloride | protein | protein crit plea 4 
| salt fluid mgm. % |conc. gr.%| gr. mm. 
cc. | gr. 
Gastric 550 ell 
| 3,000] 14 | Urine 1,680 | 
Gastric 1,050 | 
Urine 1,850 6,380 4,010 2,820 5-7 240.6 42 
Gastric 750 
[3000] 38 | Urine 1,030 5,700 2,960 2,740 180.6 48 
3,000 | re Urine 1,490 : 
Urine 1,690 6,840 3,820 3,020 | 60 | 229.2 44 
| |3000| 9 |Urine | mm | 6100 | 3,300 | 2,800 48 | 45 
3,000. Urine 1,890 6,370 3,450 2,920 | 193.2 45 
| 3,000 | Urine 1,138 5,400 2,960 2,400 162.8 45 
Gastric 450 = 3 
re Urine 1,425 : 
Gastric 430 : 
Group 
I t |3,000] o | Urine 675 5.6 160.2 41 a 
| Gastric 1,100 = 
ee poy Urine 1,670 4,100 2,300 1,800 | sor | | 133-4 45 
2 rer re Urine 690 4,650 2,570 2,080 177-5 44 
Gastric 700 | 
Gastric goo | 
Gastric 450 
3,000 | Cw Urine 1,200 2.5 4,200 2,220 1,980 514 7.2 159.8 47 
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TABLE I.—DETAILED OBSERVATIONS ON 20 PATIENTS FOLLOWING GASTRIC RESECTION 
Group B. Ten patients, no salt in the early postoperative period—continued 


Output 


Blood Plasma Cell Serum Serum | Available 
volume volume volume protein | protein 
ce. ez. c.c. conc. gr. gr. 


Urine : 6,200 3,300 2,900 5-5 181.5 
Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Urine 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Hemato- 
ae Case | Days crit 
fluid | salt fluid salt mm. 
3 1 |3,000] 44 
2 | 3,000 o 1,800 4-7 
: 1,070 1.8 

| | 1,800 2.4 5,650 2,890 2,760 170 46 
3,000 | 1,200 5,450 3,100 2,350 192.2 44 

400 3.1 
3,000 | 1,200 2.0 4,700 2,450 2,250 166.6 49 

2,400 | 2.5 4,900 2,700 2,200 162 45 

: "3,000 | 2,170 2.2 4,250 2,230 2,020 489 143.4 47 
1,800 2.0 hal 
ee 3,000 | 1,900 2.3 6,900 3,860 3,040 216.2 45 

geod 3,000 | | 2,020 3-1 

ne 1,750 1.8 6,170 3,210 2,960 181.5 48 
4 a 3,000. al | 1,070 4-5 6,000 3,200 2,800 224 45 
| 1,430 4.6 

|1,000| | 1,670 | 4.0 
5,000 | 1,000 1.9 3,620 1,530 2,090 97-9 52 

1,600 3-0 6,450 3,550 2,900 209.5 44 
800 2.8 

3,000 | 1,175 2.2 

4 3,000. 1,690 3-9 a 

3,000 | 1,310 2.2 | 2,730 2,450 478 6.1 166.5 48 
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TABLE I.—DETAILED OBSERVATIONS ON 20 PATIENTS FOLLOWING GASTRIC RESECTION 
Group B. Ten patients, no salt in the early postoperative period—continued 


Output 
Blood 
volume 
c.c. 


fluid 


Plasma 
volume 
c.c. 


Cell 
volume 
ce. 


Serum | Available 


Serum 
chloride protein 


mgm. % 


protein 
conc. gr. % gr. 


Urine 5,200 


Gastric 


2,920 2,280 459 6.5 189.8 


Urine 


Gastric 


Urine 


Gastric 


Urine 


Urine 


Gastric 


Urine 


Gastric 


3. | 3,000 o | Urine 1,400 


4 3,000 ° Urine 


1,950 4,000 


2,100 1,900 460 6.3 | 132.3 49 


of Group B led to a decrease in the plasma 
volume and a negative sodium chloride bal- 
ance. Total blood volume alterations paralleled 
the observations made on the plasma volume. 

Red cell volume. The influence of the admin- 
istration of salt upon the total red cell mass 
was interesting though it is realized that the 
values were obtained by calculation. Increases 
up to the amount of 23 per cent were found 
except in a single case where a decrease oc- 
curred. Conversely a decrease in the total red 
cell mass was obtained in the patients deprived 
- of salt (Group B, Chart 2). 

Available protein. The amount of the total 
circulating protein available for tissue metab- 
olism was increased when salt was given in the 
early postoperative period, and decreased 
when salt was withheld in the same period 
(Chart 3). 

Hematocrit. Generally the hematocrit values 
fell as the plasma volume increased and rose 
as the plasma volume decreased in the 2 
groups studied. It is to be recognized that the 
trend upward in the salt depleted group was 
more uniform than the reverse trend in the 
group receiving salt (Chart 3). 

Sodium chloride balance. The average in- 
take of 11 grams of sodium chloride was suffi- 
cient to maintain the patients studied in 
Group A in a positive salt balance. Table I 


presents the daily fractionation of fluid and 
chloride losses of the 2 groups studied. It can 
readily be seen that the group deprived of 


‘sodium chloride continued to lose appreciable 


amounts of chloride through the renal route. 

Because of comments to the effect that the 
kidney in the surgical patient fails to metab- 
olize sodium chloride readily, the urinary ex- 
cretion of 5 patients was studied while the 
patient was on the operating table. In 1 
patient (Case 3, Group B), there was no uri- 
nary excretion measurable; however in the 
other 4, amounts of urine varying from 100 to 
310 cubic centimeters with a chloride content 
of from 0.12 to 0.6 gram were obtained during 
the operation. 

Serum chloride. In this clinical experiment 
the serum chloride concentration proved to be 
an irregular index of salt balance. Instances 
were observed where the serum chloride con- 
centration failed to coincide with the trend as 
evidenced by the sodium chloride balance 
(Table I, Group B, Case 4, and Group A, 
Cases 3 and 4). Again in the several subjects 
wherein the serum chloride concentration did 
rise or fall consistent with the intravenous 
administration or deprivation of saline, the 
alterations were variable quantitatively. . 

Chart 4 represents a single patient whose 
postoperative intake included no saline and 


| 
Hemato- 
Case | Days| c.c. | gr. = er. | 
9 I 3,000 ° pe 
2 3,000 o | =! 1,910 2.2 
1,400 3-2 
er 3,000 eer 1,200 1.5 4,300 2,200 2,100 528 | | | 50 
10 I 2,480} o | Zi’ 980 2.3 4,300 2,360 1,940 49° 6.2 | 146.3 | 45 aa 
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GROUP A 


GROUP B 


PLASMA VOLUME 


NACL INTAKE AND OUTPUT 


DAYS 2 3 2 + 


who sustained a state of mild shock which was 
remedied solely by the administration of 11 


Chart 1. Plasma volume and daily sodium chloride intake Pag total (urine and 
gastric) output in 20 —_a astric resections. Group A, 10 cases receiving 
an average of 11 grams of sodium chloride daily represented on the left. Group B, 
10 cases receiving no sodium chloride represented on the right. 


PERCENT CHANGE 


CELL VOLUME PLASMA VOLUME BLOOD VOLUME 


Chart 2. Data on 20 postoperative gastric resections—Group A, 10 cases given 11 
grams of sodium chloride represented by dark columns. Group B, 10 cases given no 
sodium chloride represented by light columns. 


saline, on the fourth day had a combined uri- 
nary and gastric chloride loss approaching 
grams of sodium chloride daily. It is to be 4 grams. This individual was listless, apa- 


noted that this subject, though deprived of thetic, thirsty and demonstrated a mild sys- 
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GROUP A GROUP B 


HEMATOCRIT 
CHANGE 


PERCENT CHANGE IN 
AVAILABLE PROTEIN 


Chart 3. Hematocrit and available protein alterations in 
20 postoperative gastric resections. Group A, 10 cases 
given an average of 11 grams of sodium chloride daily rep- 
resented by dark columns. Group B, 10 cases given no 
sodium chloride represented in light columns. 


tolic hypotension. Subsequent to the admin- 
istration of saline the patient quickly resumed 
anormal appearance. — 


DISCUSSION 


Sodium chloride deprivation in the 10 cases 
studied in the series uniformly was accom- 
panied with a decrease in plasma and total 
blood volume. Such profound alterations in 
body fluids, other factors remaining constant, 
diminish the renal blood flow and thus the 
amount of glomerular filtrate formed. Mc- 
Cance and Widdowson state that the causa- 
tive factor in the elevated blood urea ob- 
served with salt depletion is a decreased renal 
blood flow due to a decreased plasma volume. 
Borst observed decreased renal blood flow in 
the postoperative patient and stressed the 
importance of elevating the plasma volume 
in the restoration of renal blood flow. These 
observations attest to the value of maintaining 
plasma volume. 


HEMATOCRIT 


PERCENT DECREASE 


BLOOD 
VOLUME 


AVAILABLE 
PROTEIN 


GRAMS 


DAYS | 2 3 4 S ob 7 


Chart 4. Data on a single case—postoperative gastric 
resection, no sodium chloride for 4 days, then 11 gramsa day 
for 3 days. 


The administration of an average of 11 
grams of sodium chloride daily to the other 
group of 1o patients resulted in an elevated 
plasma and blood volume. This is interpreted 
as the normal response to operation as re- 
cently reported by Stanton, Lyon, Freis, and 
Smithwick in their studies on surgical patients 
who were allowed to eat and drink freely post- 
operatively. Viersema and Borst correlating 
salt depletion, latent cessation of chloride ex- 
cretion, and decrease in plasma volume suggest 
that the failure of renal chloride excretion is 
due primarily to decreased plasma volume 
and secondary decreased renal blood flow. In- 
creasing the blood volume increases renal blood 
flow and renal chloride excretion concomi- 
tantly. In hemorrhagic shock and sodium chlo- 
ride administration, salt retention was seen 
only during the phase of posthemorrhagic 
blood dilution; the return of total blood volume 
to more nearly normal was sufficient stimulus 
for initiation of urinary chloride excretion. 

In the group presented of well hydrated pa- 
tients subjected to surgery and given mod- 
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erate amounts of sodium chloride, renal re- 
tention of salt was not observed. Indeed as 
increased amounts of sodium chloride were 
administered greater quantities were excreted. 
The other group of patients operated upon, 
not in apparent shock, continued to put out 
quantities of urinary chloride in progressively 
smaller amounts, though no salt was admin- 
istered. The influence of increased plasma 
volume and cell volume with attendant in- 
crease in available protein on the physiologic 
processes of healing in the postoperative pa- 
tient are of evident importance. . 

Coller and DeWeese state that, ‘“‘sodium 
chloride should not be given routinely in the 
immediate postoperative period, and the value 
of supplying a daily maintenance dose through- 
out the remainder of convalesance is ques- 
tioned.” In the patients studied in this report, 
who received daily sodium chloride, the con- 
sequent increase of available protein, plasma 
volume, and red cell volume seemed to the 
authors to offset any possible disadvantages. 
Apparently these patients managed to metab- 
olize the salt intake without deleterious effects 
that could be ascertained clinically. The kid- 
ney responded with increased excretion of 
chloride without any apparent retention. So- 
dium chloride deprivation in the cases pre- 
sented, uniformly resulted in a decrease in 
the total blood volume as well as a concom- 
itant fall in the plasma volume and red cell 
volume. Such changes in addition to a de- 
creased amount of available protein are not 
desirable in the postoperative state. As in 
other reports (8) serum chloride determina- 
tions proved to be of irregular value in eval- 
uating patients’ salt balance. 


CONCLUSIONS 


1. Two groups of patients undergoing par- 
tial gastrectomy have been compared as to 
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the effects of postoperative salt administra- 
tions. 

2. The patients given 11 grams of sodium 
chloride parenterally daily responded with an 
increased total red cell volume, plasma vol- 
ume, and amount of available protein. 

3. The patients who were administered no 
sodium chloride sustained a decrease in the 
red cell volume, plasma volume, and available 
protein. 

4. The patients receiving sodium chloride 
postoperatively failed to demonstrate any ap- 
parent ill effects. 

5. The importance of plasma volume, red 
cell mass, and available protein mass is con- 
sidered. 
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. VieRSEMA Quoted by Borst (1). 


ay 


HE subject of suitable operations for 
carcinoma of the rectum has come 
under considerable scrutiny during 
the past few years. In particular, the 
question pertains to the Miles operation, the 
Hochenegg or “pull through” operation, and 
anterior resection. Reference has been made 
by several authors to the level of the lesion in 
determining the choice of operation. Waugh 
and Kirklin (9) at the Mayo Clinic have used 
careful proctoscopic measurements as a guide, 
while Gilchrist and David (5) have urged the 
anterior peritoneal reflection as a suitable 
landmark. This series of cases was analyzed 
to determine the results of the Miles operation 
for cancer of the rectum proper. 


BASIS FOR USING THE PERITONEAL 
REFLECTION AS A LANDMARK 


Rankin, Bargen, and Buie believe that 
“Carcinoma of the rectosigmoid, ampullary 
portion, and anal canal varies so markedly 
with regard to symptoms, character of the 
growth, relative malignancy, and prognosis, 
it is readily conceivable that they might well 
represent three separate disease entities and as 
such give rise to divergent operative mortality 
rates.” At the present time, it is believed that 
most of these differences are probably due to 
variations in lymphatic and venous drainage 
from the areas. 

Anatomically, the term “rectosigmoid” is 
used to designate the continuation of the pel- 
vic colon above into the rectum below, yet, as 
Rankin states, surgically speaking it repre- 
sents the last 5 centimeters of sigmoid and the 
upper 5 centimeters of rectum proper. Hence, 
the surgeon has considerable latitude in desig- 
nating the location of a growth to be “‘recto- 
sigmoid,” “rectosigmoid junction,” etc. Oper- 
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ative reports are confusing in this regard and 
any anatomical landmark, such as narrowing 
of the bowel, is apt to be distorted by the 
pathological process. 

X-ray examinations are impractical in de- 
termining the site of growth, and proctoscopic 
measurement, while more exact, cannot al- 
ways be a reliable guide. Waugh and Kirklin 
(g) measure from the anus to the lower border 
of the growth, which to our mind may often 
be misleading since the origin of the base or 
pedicle may be considerably higher. They ad- 
mit that this is not a concise method but that 
it is more exact than other ways of measure- 
ment. Gilchrist (4) mentioned a case of car- 
cinoma of the transverse colon in which in- 
tussusception into the rectum had occurred 
and which was erroneously labeled carcinoma 
of the rectum from proctoscopic examination. 
In addition, the rectum may vary in length in 
different individuals, and any rigid criterion of 
this sort will not hold true in every case. 

Gilchrist and David (5) have recently used 
the peritoneal reflection as a guide and label 
their growths as “intraperitoneal” or ‘“‘extra- 
peritoneal” with reference to it. This seems 
to be a practical consideration. The anterior 
reflection is easily visible; it is constant; the 
relation of a growth to it can be easily ascer- 
tained; and it represents, as well as any land- 
mark, the division between sigmoid and rec- 
tum. Use of this reflection as a designation 
would eliminate use of the vague term “‘recto- 
sigmoid junction.” Kirklin, Dockerty, and 
Waugh (7) feel that the peritoneal reflection 
per se has no effect on determining prognosis, 
believing that a poorer prognosis for carcino- 
mas lying below it is due to the simple fact 
that these carcinomas are low lying. This may 
well be the case, yet if cancers lying above the 
reflection show a different prognosis from those 
below it, there is reason to use it as a guide in 
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TABLE I.—CANCER OF THE RECTUM BELOW 
PERITONEAL REFLECTION (LANKENAU AND 
ABINGTON MEMORIAL HOSPITALS, 1931 TO 


1944) 


No. Per cent 

Cases for consideration............... 173 
Inoperable or refused surgery......... 27 
Patients operated upon............... 153 
Attempted 065: 124 71.6* 
Completed resection (resectability rate). 114 65.8* 
Operative mortality... 23 20.1 
Resections lost to follow-up........... 4 
Died of other causes before 5 years...... 7 
Recurrences 

Local in patients followed 5 years or 


*Percentage of 173 cases 
{Percentage of 110 cases 
TOf 51 cases of resection 


evaluating the results of the various opera- 
tions for cancer of the sigmoid and rectum. 


SELECTION OF CASES 


In view of the foregoing, we have sum- 
marized the results of radical operation for 
cancer lying below the peritoneal reflection in 
a series of consecutive cases. These cases rep- 
resent all patients with rectal carcinomas ad- 
mitted to Lankenau and Abington Memorial 
Hospitals from 1931 to 1944. They are entirely 
unselected except for location of the growth, 
and hence represent all gradations from late, 
obviously inoperable cases, to early, favorable 
ones. 

As far as possible, every effort was made to 
include only patients in whom the growth lay 


TABLE II.—OPERATIONS PERFORMED AND MOR- 
TALITY RATES 


Type of operation No. of cases |No. of deaths|Rate per cent 
One stage Miles........... 71 13 18.3 
Two stage Miles........... 33 6 18.1 
Two stage Lahey.......... 4 ° ° 
Two stage Jones........... 2 ° ° 
Lockhart-Mummery....... 4 4 100 
Totals 114 23 20.1 
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TABLE III.—CAUSES OF OPERATIVE DEATHS 


No. of 

cases 


below the peritoneal reflection. This informa- 
tion was obtained from operative notes in the 
cases of patients operated upon. In cases of 
patients not operated upon it is impossible to 
determine the relation of the reflection, so 
only those cases were included in which the 
growths were obviously low (within 5 centi- 
meters of the anus by proctoscopic or digital 
measurement). This measurement, as pre- 
viously mentioned, is inaccurate but, for pur- 
poses of this study, is used only to estimate 
the total number of cases. Only cases of 
patients operated upon are used to compute 
survival rates, etc.; those in which there was a 
question as to location in regard to the reflec- 
tion were not included. Hence, those cases 
were discarded in which the term “rectosig- 
moid” was used without mention of the peri- 
toneal reflection. In several instances, obstruc- 
tive resections were done. In these cases, the 
cancer was assumed to lie above the reflection 
and such cases were not included in our anal- 
ysis. 

No anterior resections or “pull through” 
operations were performed in this series. In 
more recent years, anterior resections might 
have been done in some. This series ends with 
1944 in order to evaluate 5 year cures, hence it 
should show fairly well the results obtained in 
patients with low cancers subjected to the 
Miles operation or one of its modifications. 


CASES 


Table I gives general information regarding 
this series. Follow-up data complete to De- 
cember 1949 were obtained in all but 4 cases. 
This was an involved process, requiring many 
letters for each case and in several instances 
personal visits to families, post offices, etc. 
However, the response to inquiry was gratify- 
ing and the requested information usually 
could be considered accurate. 
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TABLE V.—TEN YEAR SURVIVAL RATE 


Rate 


No. of 5 year 
per cent 


No. cases survivals 


Rate 
per cent 


Rate 
per cent 


Survived ro |, 


Resected yearsor longer 


Total cases 


Nodes involved 8 
Nodes negative 33 
Total 41 


16.6 


53-2 


37.2 


It will be noted that 124 resections were 
attempted and 114 completed. In roinstances 
first stage procedures were done, but second 
stages not completed, due to death or further 
inoperability of the patients. The resectability 
rate of 65.8 per cent is in accord with the prin- 
ciples of the senior surgeon who advocates re- 
section whenever possible. Accordingly, sev- 
eral palliative resections are included, with 
local and general metastases, in the hope of 
giving those patients more comfortable pal- 
liation. 

The mortality rate (Table II) is somewhat 
disturbing. However, analysis of deaths (Table 
III) shows only 1 death (peritonitis) attribut- 
able to the operation per se. The 22 other 
deaths were due to circulatory and pulmonary 
complications, which may result from any 
major surgical procedure. The average age of 
this group is 62.3 years, 4 years older than the 
average of the group as a whole. In addition, 
since the ro deaths from pulmonary embolism 
all occurred before the present day concepts 
of treatment of thrombophlebitis and phlebo- 
thrombosis, some of these patients might have 
been saved by the use of anticoagulants, fem- 
oral vein interruption, etc. The 4 deaths after 
the Lockhart-Mummery procedure occurred 
in bad risk patients of an older age group— 
the average age being 68 years. 

Survival rates (Table IV) are even lower 
than anticipated and confirm the fact that 
even with the most radical surgery, as we 
know it, low growths carry a very poor prog- 
nosis. Certainly a “pull through” operation 
or anterior resection would do even less for 
this type of patient, for the lateral and down- 
ward zones of lymphatic spread would not be 
adequately removed. 

No attempt was made to classify these tu- 
mors according to Dukes’ or Broders’ method, 
since the pathological reports were not con- 
sistent in so classifying in the two hospitals 


66 51 77.2 Ir 21.5 


concerned. All growths were adenocarcino- 
mas. Presence or absence of involved nodes 
was determined by gross and microscopic ex- 
amination, but not by any special clearing 
technique. Hence, it is admitted that there 
would probably be a higher percentage with 
positive nodes in this series, had such a pro- 
cedure been carried out. This would result in a 
higher survival rate for patients with involved 
nodes, but would not affect the overall 5 year 
survival rate of 37.2 per cent. If patients 
dying within 1 month of operation are ex- 
cluded, those surviving 5 or more years 
reach 47.1 per cent. 

Of some interest is the 21.5 per cents rviv- 
ing 10 years or longer (Table V). Only 1 of 
the 11 patients who survived 10 years eventu- 
ally died from rectal cancer, and interestingly, 
the 10 other patients are still living and well. 
In other words, roughly 50 per cent of patients 
who survived 5 years would appear to be 
cured. 

The local recurrence rate (Table VI) in this 
series was not affected by the presence or ab- 
sence of involved nodes in tissue removed at 
operation. However, distant metastases, re- 
sulting eventually in carcinomatosis in most 
instances, occurred more often in patients 
with positive nodes. This would point to the 
fact that the downward zone of spread is well 
removed by abdominoperineal resection in 
either case, but that the upward and lateral 
zones had advanced to a point beyond reason- 
able hope of cure in patients with positive 
nodes. The main chance of cure then, as in all 
cancers, is early surgery. The local recurrence 
rate in patients surviving 5 years or longer 
was 2.4 per cent. 


TABLE VI.— LOCAL AND GENERAL RECURRENCES 


Rate 
per cent 


52.0 


Rate 
per cent 


10.4 25 


Number} Local General 


Nodes involved 48 5 
Nodes negative 62 4 6.4 12 


19.3 
33.6 


Total 110 8.1 37 


Sate, 
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COMMENT 


This series of carcinomas classified as lying 
below the peritoneal reflection follows the 
series of Gilchrist and David (5), in which 
they showed an overall 5 year survival rate of 
51.8 per cent in 112 “extraperitoneal”’ carci- 
nomas, Our 5 year survival rate is lower and 
may be due to differences in classifying the 
exact location of the tumors and to the fact 
that they excluded palliative resections. How- 
ever, the point we wish to stress is that, even 
with the most radical surgery, the prognosis 
in instances of low-lying carcinoma (below the 
peritoneal reflection) is more unfavorable than 
for growths in the low sigmoid or ‘“‘rectosig- 
moid.” Survival rates for patients with cancer 
of the rectum, including high and low growths, 
generally are reported as ranging from 55 to 
73 per cent. Proof of the usefulness of the 
various procedures for higher growths must be 
based on similar series in which one procedure 
is followed for carcinomas at these levels. Our 
results tend to dispute the recommendations 
of Waugh and Kirklin (9). They believe that 
the Miles operation is not necessary for lesions 
found by proctoscopic measurement to lie be- 
tween 5 and 11 centimeters of the anus, since 
lateral spread is not important at this point. 
The peritoneal reflection lies within 7.5 to 8.5 
centimeters of the anus according to Davis, 
and within 5.5 to 7.5 centimeters of the anus 
according to Gray. On the basis of these fig- 
ures and the results in our series, we cannot 
believe that the “pull through” operation is a 
wise procedure for all lesions at the 5 to 11 
centimeter level, for many of them will lie 
below the peritoneal reflection. A resection 
even more radical than the Miles is needed if 
we are to expect good results in these cases. 
Dixon has recently described a two stage pro- 
cedure which allows for a wider posterior re- 
section and may well provide a better answer 
to this problem. 
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SUMMARY 


1. One hundred eighty cases of carcinoma 
of the rectum lying below the peritoneal re- 
flection are reviewed. 

2. One hundred fourteen radical resections 
were performed, with an overall 5 year sur- 
vival rate of 37.2 per cent. 

3. On the basis of this series, as well as that 
of Gilchrist and David, the prognosis for can- 
cer lying below ‘the peritoneal reflection is 
considerably poorer than for cancer of the rec- 
tum and “‘rectosigmoid”’ in general. 

4. Since the prognosis for cancer lying be- 
low the peritoneal reflection is poor following 
radical abdominoperineal resection, anterior 
resection or the Hochenegg type of operation 
would accomplish even less in the way of long 
term survival and should not be used. 

5. It is urged that the peritoneal reflection 
be considered as a guide to differentiate be- 
tween cancer of the rectum and cancer of the 
sigmoid, thus eliminating use of the vague 
term “rectosigmoid.” 
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BLOOD VOLUME AND BLOOD BIOCHEMICAL STUDIES 
IN PATIENTS UNDERGOING RADICAL SURGERY 


GEORGE F. McINNES, M.D., OSCAR BODANSKY, M.D., Ph.D., and 
ALEXANDER BRUNSCHWIG, M.D., F.A.C.S., New York, New York 


T is well known that deaths occur post- 
operatively which cannot be readily ex- 
plained by autopsy findings. In connec- 
tion with 2 such deaths in a series of 

22 cases of complete pelvic exenteration re- 
ported by one of us (A.B.) in 1948 (8), the 
question arose whether there might not have 
been some physiological or biochemical de- 
rangements which were attendant upon such 
extensive surgery and which contributed to 
the fatal outcome in these cases. The present 
study is directed toward this question and is 
concerned chiefly with an analysis of the 
changes in the blood and red cell volume, and 
the concentrations of sodium, potassium, bi- 
carbonate, bilirubin, chloride, urea, and pro- 
tein in the serum or blood during the preoper- 
ative and postoperative phases in 4 patients 
undergoing radical surgery. A summary of 
the case histories follows. 


CASE REPORTS 


CasE 1. G. O., a 38 year old white female, was 
admitted with a diagnosis of recurrent carcinoma of 
the cervix, multiple vaginal fistulas, and colostomy. 
She was very thin and malnourished; her ideal 
weight was 59 kilograms, and her actual weight 40 
kilograms. She had been transferred from another 
hospital as a stretcher patient. Preoperatively, she 
-became acutely ill, with evidence of intestinal ob- 
struction and toxemia. Intestinal suction amounted 
to 4,700 cubic centimeters during the 5 days imme- 
diately preceding operation. At operation, a large 
segment of gangrenous ileum was resected and an 
infected tumor invading the rectum and bladder 
was removed. Ileocolostomy was done. Several 
large abscesses, particularly in the region of the left 
kidney, were drained. All neoplastic tissue could 
not be removed. Pathological examination of the 
specimen revealed adenocarcinoma of the uterus 
with diffuse infiltration of the mesentery of the small 
bowel. Postoperatively, the patient improved dur- 
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ing the first few days; thereafter the course was 
downhill with rising pulse and temperature. During 
the first 4 postoperative days, the small bowel suc- 
tion totaled goo cubic centimeters and the gastric 
suction 3,600 cubic centimeters. Blood culture done 
on the sixth postoperative day showed pseudopyo- 
cyaneus. The patient took large amounts of clear 
fluids by mouth, poor in proteins and electrolytes. 
Postoperatively, there was rapid shallow type of 
respiration, with cyanosis not relieved by oxygen. 
Physical findings in the chest did not account for 
this. During the first 4 postoperative days there 
was a marked pitting edema which gradually sub- 
sided over the next 4 days. She died on the ninth 
postoperative day; permission for autopsy was not 
obtained. 

Case 2. R. H., a 49 year old colored female, was 
admitted with carcinoma of the cervix, League of 
Nations, stage IV. The lesion had been considered 
too advanced for treatment. She was markedly 
undernourished with an actual weight of 40 kilo- 
grams and an ideal weight of 64 kilograms. Opera- 
tion consisted of complete pelvic exenteration, bi- 
lateral ureterosigmoid anastomoses, and a midline 
colostomy. Loss of blood was judged to be moderate 
with adequate coverage. Adequate blood pressure 
was maintained throughout the operation. Patho- 
logical examination of the specimen revealed an 
epidermoid carcinoma grade III of the cervix with 
extension to the pelvic nodes. Urine appeared on 
the colostomy dressings within 24 hours postopera- 
tively and continued to be present in adequate 
amounts thereafter. On the third postoperative 
day, bowel sounds were good, and the patient was 
permitted water by mouth. Gastrointestinal activ- 
ity decreased, and on the eighth day a diagnosis of 
paralytic ileus was made. At the same time, the 
patient exhibited profound weakness, lethargy, and 
a complete lack of interest in her surroundings. An 
electrocardiogram on this day was interpreted as 
showing findings consistent with low serum potas- 
sium. Gastric suction was started on the seventh 
postoperative day and amounted to 4,500 cubic 
centimeters over a 5 day period. The tube was re- 
moved on the eleventh postoperative day but was 
reinserted on the thirteenth postoperative day. Dur- 
ing the next 4 days, a total of 9,560 cubic centimeters 
of gastric fluid was removed by aspiration and 
vomiting. The patient was given intravenous potas- 
sium therapy from the eleventh day to the sixteenth 
day. Thereafter, there was a return of bowel sounds, 
and general improvement was noted. Recovery was 
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slow and uneventful and the patient was dismissed 
on the twenty-fourth postoperative day. It is inter- 
esting to note that electrocardiographic changes 
were improved but not corrected on discharge. At 
no time did this patient develop visible edema. The 
patient is alive without evidence of recurrences 13 
months after operation. 

CASE 3. S. J., a 58 year old colored female, was 
admitted with a diagnosis of carcinoma of the cer- 
vix, League of Nations, stage IV. The patient 
weighed 44 kilograms. Her ideal weight was 55 
kilograms. She had been treated with extensive 
radiation therapy in several other clinics and when 
first seen was too weak to stand without support. 
Her mucous membranes were extremely pale and 
the least exertion resulted in severe dyspnea. Imme- 
diately preoperatively, she had mild obstructive 
symptoms, but did not require intestinal suction. 
The site was thought to be low in the large bowel. 
There was hemorrhage from the ulcerated cervix. 
It was thought best to perform laparotomy in order 
to relieve the obstruction as well as to determine 
operability of the neoplasm. Electrocardiogram 
done just prior to operation showed lowering of the 
T waves and a widening of the QT interval; this 
was interpreted as consistent with low serum potas- 
sium. At operation, there was a large tumor filling 
the pelvis, and overlying this and partially obstruct- 
ing the large bowel was an abscess about ro centi- 
meters in diameter. The tumor was examined and 
determined to be inoperable due to extehsion into 
the large vessels to the lower extremities. The ab- 
scess was drained and a colostomy in the descending 
colon was done. During operation there was a 
marked fall in blood pressure from a systolic of 120 
to 50 millimeters of mercury. It was necessary to 
give large amounts of blood in order to raise the 
pressure. Postoperatively, she was given practically 
no fluid by mouth for the first 5 days. Gastric suc- 
tion amounted to 990 cubic centimeters during the 
first 6 days. Urine output was depressed for the 
first 2 days but was adequate thereafter. She began 
taking fluids by mouth on the ninth postoperative 
day. Muscular weakness as well as electrocardio- 
graphic findings of low serum potassium reached a 
maximum on the tenth postoperative day. Follow- 
ing potassium therapy, there was marked clinical 
improvement but not a complete reversal of electro- 
cardiographic changes by the eighteenth postopera- 
tive day. The patient was discharged to a terminal 
home and died 6 months after operation. 

CasE 4. W. W., a 41 year old white male, was 
admitted with a diagnosis of carcinoma of the lower 
third of the esophagus and chronic duodenal ulcer. 
Obstruction at both sites was almost complete and 
a gastrostomy had been done elsewhere. The pa- 
tient was in a very poor state of nutrition with an 
ideal weight of 70 kilograms and an actual weight 
of 44 kilograms. Several exploratory operations had 
been performed elsewhere, the condition diagnosed 
as inoperable, and the patient placed on large doses 
of morphine, up to % grain every 2 to 3 hours. He 


SURGERY, GYNECOLOGY AND OBSTETRICS 


was prepared for operation by blood transfusions, 
amigen infusions, and small frequent gastrostomy 
feedings over a period of 19 days. Operation in- 
cluded a resection of the lower third of the esophagus 
with intrathoracic esophagogastrostomy, postcolic 
gastrojejunostomy, and closure of gastrostomy. 
Pathological examination revealed a peptic ulcer of 
the esophagus. Blood pressure was maintained 
throughout operation. The patient did not receive 
anything by mouth for the first 9 days. Gastric suc- 
tion was not necessary. Urine output was depressed 
for 2 days but good thereafter. On the ninth post- 
operative day, the patient was very listless, unre- 
sponsive, and weak. Intravenous potassium therapy 
was started, as the patient refused to take anything 
other than small amounts of water by mouth. There 
was marked pitting edema, maximum on the eighth 
postoperative day, and gradually disappearing by 
the day of discharge. Since discharge, the patient 
has had slight esophageal obstruction but has gained 
weight and is doing well, 18 months after operation. 


METHODS AND MATERIAL 


The following methods were employed: for 
potassium, that of Shohl and Bennett, and 
later the internal standard flame photometer 
(4); for sodium, that of Butler and Tuthill, 
and later the flame photometer; for chloride, 
the method of Van Slyke and Hiller (40); for 
carbon dioxide content, the manometric 
method of Van Slyke (33); for urea, a method 
employing urease (33); for bilirubin, the 
method of Malloy and Evelyn; for protein, 
the falling drop method of Kagan; for blood 
and red cell volumes, the method of Gibson 
and Evans. The hematocrit values were cor- 
rected for trapped plasma, in accordance with 
the recommendation of Mayerson and his 
associates who showed that blood and plasma 
volumes based on such corrected values agree 
well with volumes determined directly by 
means of P-32. Fasting venous blood was 
drawn with no or minimal stasis. 

The patients used in this study were ad- 
mitted with a provisional diagnosis of ad- 
vanced cancer and had previously been con- 
sidered as unsuited for operation. All had 
been ill for a considerable time, and most of 
them had undergone extreme loss of weight. 
The blood chemical studies were instituted 
several days prior to operation, and were car- 
ried out at almost daily intervals for a post- 
operative period of about 10 days, and at 
somewhat longer intervals thereafter. Other- 
wise, these patients were subject to the usual 
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Fig. 1. Preoperative and postoperative blood electrolyte 
patterns. In fluid intake values, vertically lined area repre- 
sents volume of 5 per cent glucose in 0.9 per cent saline; 
horizontally lined area represents volume of 5 per cent glu- 


hospital routine. A close record was kept of 
the transfusions, of the parenteral fluid in- 
take, and of the fluid output. 
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cose in water; heavily dotted area shows volume of trans- 
fused blood; obliquely lined area represents volume of 
amigen; open area represents volume of fluid by mouth. 
Day of operation is designated as “‘O.R.” 


RESULTS 


Electrolyte pattern. Examination of Figure 1 
shows that in 2 of the 4 patients, namely, in 
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G. O. and S. J., there were marked preopera- 
tive decreases in the concentration of serum 
potassium. In preparation for surgery, G. O. 
received, during the fourth and third preopera- 
tive days, a total of 9.5 liters of fluid of which 
4 liters were in the form of saline. This pa- 
tient lost 3.2 liters by gastric aspiration, and 
had a urinary volume of 3.8 liters. She showed 
a decrease in potassium from 4.8 to 3.1 milli- 
equivalents per liter and a rise in the concen- 
trations of sodium and chloride ions. Of the 
7.2 liters of fluid which S. J. received during 
the 2 days immediately preceding operation, 
only 1 liter was in the form of saline. Her 
urinary excretion was 2.1 liters. She showed a 
decrease in the concentration of serum potas- 
sium from a level of 5.5 milliequivalents per 
liter to one of 2.9 milliequivalents per liter 
just prior to operation, and decreases in the 
sodium and chloride concentrations of the 
serum. 

All 4 patients showed a postoperative de- 
cline in the concentration of serum potassium. 
This decline became evident on the fourth to 
the seventh postoperative day. The lowest 
levels attained, as milliequivalents per liter, 
were as follows: G. O., 2.1 on the eighth day; 
S. J., 3-0 on the eleventh day; R. H., 2.4 on 
the ninth day; W. W., 3.0 on the ninth day. 
The clinical symptoms and electrocardio- 
graphic changes which were clearly manifest 
in 2 of these patients were indicative of potas- 
sium deficiency, as described in the literature 
(21, 22, 27, 28). Because of these symptoms, 
we felt it would not be warranted to withhold 
potassium therapy. The effect of this therapy, 
which is depicted in Figure 1, on the blood 
biochemical pattern and on the clinical status 
of the patients will be discussed later. 

In general, the concentration of bicarbonate 
rose when the concentration of potassium fell. 
This inverse relationship did not, however, 
hold strictly. For example, in patient G. O., 
the concentration of bicarbonate rose mark- 
edly on the first and second postoperative 
days while the potassium concentration was 
still at normal levels. More typical of the in- 
verse relationship between the concentra- 
tions of potassium and bicarbonate are the 
data on S. J. from the fourth to the twenty- 
first postoperative days. The curves showing 
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these changes in Figure 1 are virtually mirror 
images of each other. 

The changes in the concentration of chloride 
did not appear to follow any definite pattern 
with respect to the changes in bicarbonate 
and potassium ions. In agreement with many 
reports in the literature (3, 11, 23), the con- 
centration of chloride was low postoperatively, 
and was not usually affected by the adminis- 
tration of saline. For example, in S. J., who 
received an average of about 800 cubic centi- 
meters of saline or about 120 milliequivalents 
each of sodium and chloride ions per day dur- 
ing the first 7 postoperative days, the concen- 
tration of chloride remained essentially the 
same, being 95 milliequivalents per liter ini- 
tially and 93 milliequivalents on the eighth 
postoperative day. In R. H., the chloride de- 
creased during the first 6 postoperative days 
while the potassium and bicarbonate remained 
fairly constant. 

There did not appear to be any definite re- 
lationship between the concentration of the 
sodium and that of the potassium in the 
serum. There appeared to be, however, a cor- 
relation between the postoperative rise in the 
concentration of sodium and the amount of 
sodium chloride that was given. In 3 patients, 
S. J., W. W., and G. O., the concentration of 
sodium increased by about 10 to 15 milliequiv- 
alents per liter during the first 5 to 6 post- 
operative days. These patients received a 
total of about 5,000 to 6,000 cubic centime- 
ters of saline (750 to goo milliequivalents of 
sodium). 

Blood volume. A number of investigators 
have pointed out that patients with chronic 
infections or with cancer who have lost con- 
siderable weight show reduced blood and red 
cell volumes, particularly when these are cal- 
culated on the basis of ideal or standard body 
weight or surface (10, 26). All of our 4 pa- 
tients had extremely low red cell volumes 
when they were first studied preoperatively. 
These values, as may be seen from Figure 2, 
were, in cubic centimeters per kilogram of 
standard weight: R. H., 14; W. W., 16; G. O., 
21; S.J., 8. They were considerably below 
the average value, 35 to 40 cubic centimeters 
per kilogram, for normal individuals. The 
plasma volumes were, in cubic centimeters per 
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kilogram of standard weight: R.H., 39; 
W. W., 32; G. O., 42;S. J., 43. Three of these 
were within the normal range, and only 1 was 
significantly low. 

Figure 2 shows that preoperative transfu- 
sions of blood, if given in sufficient amounts, 
tended to raise the red cell volumes to nor- 
mal levels. For example, in W. W., 5 trans- 
fusions, each of 500 cubic centimeters of blood, 
increased the red cell volume from 16 cubic 
centimeters per kilogram of ideal weight on 


Black column represents red cell volume; open column, 
plasma volume. Day of operation is designated as “‘O.R.” 


the eighteenth preoperative day to 29 cubic 
centimeters per kilogram on the twelfth pre- 
operative day; this level was maintained, in 
the presence of adequate feeding through a 
gastrostomy, until the day of operation. The 
postoperative levels of the blood and the red 
cell volumes tended to decrease unless trans- 
fusions were given. For example, in S. J. the 
blood and red cell volumes decreased from 
values of 72.4 and 35.4 cubic centimeters per 
kilogram, respectively, on the first postopera- 
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tive day to values of 59.4 and of 20.4 cubic cen- 
timeters per kilogram on the thirty-third post- 
operative day. In contrast, R. H. who had 
low whole blood and red cell volumes imme- 
diately postoperatively received transfusions 
and the values for the volumes rose toward 
essentially normal levels by the twenty-fourth 
postoperative day. There was no strict paral- 
lelism between the changes in the hemoglobin 
concentration or the hematocrit and those in 
the red cell volume. The hemoglobin concen- 
tration or the hematocrit can serve, therefore, 
only as an approximate guide to the changes 
in the red cell volume. 

Changes in concentration of protein preopera- 
tively and postoperatively. In accordance with 
previous observations in the literature (2, 32, 
41) we observed in all of the 4 patients whom 
we studied intensively a decrease in the con- 
centration of serum protein in spite of some 
day to day fluctuation (Fig. 2). However, the 
total amount of circulating protein did not 
necessarily decrease. For example, both S. J. 
and G. O. showed slight decreases in the con- 
centration of serum protein postoperatively, 
but increases in the amount of total circulat- 
ing protein. It is apparent that the post- 
operative decreases in the concentration of 
serum protein which have been previously re- 
ported may be due not only to a loss of pro- 
tein from the body but also to alterations in 
the plasma and extracellular fluid volume. 

Blood urea nitrogen. All 4 of our patients 
had a postoperative rise in the concentration 
of blood urea nitrogen. The maximal values, 
in milligrams per 100 cubic centimeters of 
blood, and the postoperative day on which 
these were attained were as follows: W. W., 
55-6 on the second day; G.O., 30.1 on the 
first day; S.J., 15.7 on the first day. The 
concentration of blood urea nitrogen then be- 
gan to decrease. In R. H., the concentration 
of urea nitrogen continued to rise until it at- 
tained a maximum of 39.6 milligrams per 100 
cubic centimeters on the fifth postoperative 
day. This patient had undergone a pelvic 
exenteration with bilateral ureteral intestinal 
transplants. It is possible that in this par- 
ticular case, edema with some obstruction 
developed at the site of the ureteral intestinal 
anastomoses. 
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Changes in concentration of serum bilirubin. 
All 4 patients showed a postoperative increase 
in the concentration of serum bilirubin. The 
rises from preoperative values were as fol- 
lows: W. W. from 0.60 to 3.3 milligrams per 
roo cubic centimeters on the second post- 
operative day; R. H. from 0.42 to 0.96 milli- 
grams per 100 cubic centimeters on the first 
day; G.O. from 2.52 to 13.8 milligrams per 
100 cubic centimeters on the first day; S. J. 
from 1.08 to 4.32 milligrams per too cubic 
centimeters on the first day and 7.02 milli- 
grams per 100 cubic centimeters on the fourth 
day. There was little correlation between the 
amount of blood received and the rise in the 
concentration of bilirubin, although it is pos- 
sible that, because of excessive bleeding at 
operation, the amount of blood received did 
not correspond to the amount of hemoglobin 
which was retained in the organism and which 
was available for conversion to bilirubin. 


DISCUSSION 


The postoperative increase in the concen- 
tration of urea which occurred in all of our 
cases and which is, indeed, a well established 
finding may be explained by (a) an increased 
flooding of the body with protein or (b) im- 
pairment of the kidney during operation. In 
support of the first possibility are the consid- 
erations that because of destruction of trans- 
fused blood or because of the alarm reaction 
associated with surgical trauma, a greater 
catabolism of protein and an associated rise 
in the concentration of blood urea nitrogen 
may ensue. However, experiments on man 
in which amigen was infused or in which 
adrenocorticotropic hormone was given show 
that, in general, rises in blood urea nitrogen 
are negligible (1, 7). The second possibility, 
namely, that the rise in blood urea is due to 
impairment of the kidney during operation, 
gains substantial support from the experimen- 
tal work of Van Slyke and his associates (39). 
These workers have shown that in dogs, re- 
duction of the blood supply to the kidneys 
results in a renal impairment which is evi- 
denced by an increase in urea nitrogen and a 
decrease in renal function which may last for 
periods up to about a month. The reversibil- 
ity of this impairment and the rate at which 
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it is reversed are dependent upon the dura- 
tion of the period of reduced blood supply. 
The reversibility of the renal impairment, as 
evidenced in our cases by a return of the urea 
nitrogen levels to normal values within 8 days, 
indicates that this impairment does not usu- 
ally play an important role in determining the 
outcome for the patient. There may, of 
course, be complications which constitute a 
hazard. For example, edema or ascending 
infections may develop at the site of ureters 
transplanted into the bowel. 

The postoperative increase in the concen- 
tration of serum bilirubin may be due (a) to 
the destruction of transfused blood and ‘(b) 
to impairment of liver function. About 20 
per cent of injected red cells are destroyed in 
3 hours (37). Such destruction or the injec- 
tion of considerable amounts of hemoglobin 
leads to rises in the concentration of bilirubin 
up to about 1 to 2 milligrams per 100 cubic 
centimeters, with a return to normal levels in 
24 hours (19, 37). On the other hand, a num- 
ber of workers (25, 38) have definitely demon- 
strated that operative procedures result in an 
impairment of liver function, as measured by 
bromsulfalein, or by urinary excretion of uro- 
bilinogen. Impairment is evident for several 
days postoperatively but normal function is 
usually restored within a week. It is, of 
course, difficult to evaluate the amount of 
blood destruction in our 4 cases. However, 
there was no correlation between the amount 
of blood given during operation and the hyper- 
bilirubinemia which developed subsequently. 
This observation, together with the finding 
that the hyperbilirubinemia persisted for 
about 6 to 7 days postoperatively would in- 
dicate liver impairment during operation. We 
have no evidence that this degree of liver im- 
pairment had a harmful effect on the pa- 
tients’ progress. 

It has been noted by previous workers that 
blood and red cell volumes are decreased and 
the extracellular fluid volume is increased in 
patients with chronic infection, cancer, and 
other wasting diseases (10, 26). Clark and 
his coworkers have termed this condition 
“chronic shock” and have stated that the 
administration of blood in amounts which 
serve to restore the blood volume and the red 


cell mass to normal levels enables the chroni- 
cally ill patient to withstand surgical proce- 
dures and blood losses without the hazards of 
shock or peripheral vascular collapse. In the 
3 patients who came to operation with red 
cell volumes between 33 and 41 cubic centi- 
meters per kilogram, there was no fall in blood 
pressure during operation. In S. J., who had 
an immediately preoperative red cell volume 
of 20 cubic centimeters per kilogram, the 
blood pressure fell from a preoperative systolic 
value of 120 to 50 millimeters. These observa- 
tions are in accordance with those of Clark 
and his associates. During operation, blood 
was injected under pressure in amounts which, 
it was estimated, were replacing losses as 
these occurred. Such estimates, as judged by 
postoperative determinations of blood and 
red cell volumes, were correct in the case of 
G. O., but not in that of R. H. 

Of the various biochemical disturbances 
which we noted, the most impressive were the 
preoperative and postoperative decreases in 
the concentration of serum potassium, and 
the increases in the concentration of serum 
bicarbonate which were usually associated 
with the postoperative decreases in the serum 
potassium. The existence of this reciprocal 
relationship between bicarbonate and potas- 
sium changes was first demonstrated in ani- 
mals by Darrow and his coworkers and has 
subsequently been confirmed clinically by 
Randall and his coworkers and by Pearson 
and Eliel. 

There is considerable evidence to show that 
the concentration of potassium in the serum 
may, but does not necessarily, reflect the stage 
of depletion or repletion of intracellular po- 
tassium. For example, the serum potassium 
is not low and indeed may be high in the 
active stage of infantile diarrhea where the 
potassium has left and is still leaving the 
cells (14). The hypopotassemia of familial 
periodic paralysis is due to a metabolic de- 
rangement by which some of the extracellular 
potassium is rather suddenly deposited in the 
intracellular phase (13). 

The 2 patients, S. J. and G. O., who showed 
marked decreases in the concentration of se- 
rum potassium preoperatively, received large 
volumes of fluid. It has been shown that the 
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intravenous infusion of large volumes of fluids 
into patients undergoing trivial surgical pro- 
cedures (36) or during the treatment of dia- 
betic acidosis (20) results in an increase in the 
extracellular volume and a decrease in the 
concentration of serum potassium. The pre- 
operative decreases in the serum potassium 
which we observed may, therefore, be due to 
an increase in the extracellular fluid volume 
and to a derangement in the equilibrium be- 
tween extracellular and intracellular potas- 
sium. 

The question arises concerning the extent 
to which operative procedure per se causes 
an increased excretion of potassium from the 
body, whether it does so by stimulation of 
the adrenal cortex (6, 17) or in some other 
way. Elman and his associates reported that 
average excretions of potassium were larger 
on the first and second postoperative days 
than on the third and fourth. However, a 
comparable number of preoperative control 
determinations of potassium excretion of po- 
tassium was not done in this series. It is not 
certain, therefore, whether the diminished ex- 
cretions on the third and fourth postoperative 
days reflected a rebound from a high level of 
excretion on the first 2 postoperative days or 
were merely a tapering off of potassium ex- 
cretion. 

Cooper, lob, and Coller compared the urinary 
excretion of water and electrolytes in patients 
during the first 24 postoperative hours with 
the excretion during a similar period in a 
group of control patients not operated upon; 
both groups received 750 cubic centimeters of 
5 per cent glucose every 6 hours. Statistical 
treatment of their data shows that the post- 
operative excretion of potassium in a group of 
4 patients undergoing herniorraphy or a group 
of 5 patients undergoing abdominoperineal 
resection was not significantly higher than in 
the group of 3 control patients. Berry, Iob, 
and Campbell (5) analyzing these same data, 
stated that during the immediate postopera- 
tive period of 24 hours, potassium was ex- 
creted in excess of that anticipated from the 
breakdown of protoplasm. Statistical treat- 
ment of their results shows that the average 
for the absolute amount of the excess. potas- 
sium excreted in the patients operated upon 


SURGERY, GYNECOLOGY AND OBSTETRICS 


was not significantly higher than the average 
for the control patients. 

It would therefore appear that at present 
there is suggestive but not conclusive evi- 
dence that the postoperative patient loses 
potassium as the result of the operative pro- 
cedure per se. It must be stressed, however, 
that any individual who is placed on a limited 
food and fluid regimen which is devoid of, or 
low in, potassium will show a net loss of po- 
tassium from the body, even in excess of that 
naga by the breakdown of protoplasm 
42). 

In addition to the potassium losses which 
occur on a potassium-free or potassium-poor 
regimen, the postoperative patient may lose 
potassium as the result of suction from the 
stomach or small bowel or of drainage from 
ileostomy wounds (34). To determine more 
precisely the mechanisms responsible for the 
hypopotassemia which we observed preopera- 
tively and postoperatively, it would be de- 
sirable to study the electrolyte and nitrogen 
balances in control, preoperative periods and 
during the postoperative period for a sufh- 
ciently long time to define the movement of 
potassium between the extracellular and in- 
tracellular phases at the time hypopotassemia 
develops. 

Whatever may be the precise genesis of the 
postoperative hypopotassemia, it is clear from 
previous observations on the clinical aspects 
of hypopotassemia in other conditions that 
its consequences may be grave. On the basis 
of these observations and our present bio- 
chemical studies, we may, in retrospect, con- 
sider the possibility that 2 deaths, unex- 
plained in our 1948 series, were due to the 
development of marked hypopotassemia. To 
avert the possibility of an unfavorable out- 
come in any of the patients of the present 
series, we began to administer potassium, 
once we had ascertained and confirmed the 
existence of hypopotassemia. For example, 
as may be seen from Figure 1, R. H. received 
potassium in daily doses of 20 to 60 milli- 
equivalents after low serum potassium con- 
centrations had been found successively on 
the seventh, eighth, and ninth postoperative 
days. The serum potassium was restored to a 
normal value by the nineteenth postoperative 
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day. Restoration of the serum potassium to 
normal values was also associated with potas- 
sium administration and oral feeding in W. W. 
and S.J. It is of interest to note that the 
administration of potassium preoperatively 
and postoperatively in G. O. did not prevent 
the development of hypopotassemia. Because 
of other complications, it was judged that 
death, which occurred on the ninth day, was 
not due to hypopotassemia. It is apparent 
that further study is necessary to evaluate 
the effect of potassium administration in pre- 
venting the development of hypopotassemia. 


SUMMARY 


1. The blood, plasma, and red cell volumes 
were studied at frequent intervals preopera- 
tively and postoperatively in a series of 4 
patients who underwent radical surgery, and 
the effects of transfusions before operation, of 
massive blood replacement at operation, and 
of postoperative transfusions were noted. 

2. Blood biochemical studies done at simi- 
larly frequent intervals revealed (a) the oc- 
currence of hypopotassemia preoperatively 
when large amounts of fluid were given, (b) 
the postoperative occurrence of transient and 
reversible liver and renal impairment, and 
(c) the postoperative development of hypopo- 
tassemia and alkalosis. Data were also ob- 
tained concerning the changes occurring in 
the effect of operation on the total circulating 
protein. 

3. The mechanism underlying the develop- 
ment of postoperative hypopotassemia and 
its relationship to the problem of potassium 
therapy are discussed briefly. 
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MODERN TREATMENT OF CHRONIC OSTEOMYELITIS 
WITH TOPICAL DETERGENT ANTIBIOTIC THERAPY 


EDWIN J. GRACE, M.D., F.A.C.S., Brooklyn, New York, and VERNON BRYSON, Ph.D., 
Cold Spring Harbor, Long Island, New York 


HE ultimate control and eradication 

of chronic osteomyelitis will require 

the application of knowledge derived 

from many fields of medicine. At 
present, predominant emphasis is placed on 
chemotherapeutic agents with varied opinions 
as to the legitimate extent of surgery (1, 5, 13, 
15). Rational application of chemotherapy 
and surgery demands an understanding of the 
unique pathology of osteomyelitis, with due 
regard to the significance of septic emboli, 
thrombus formation, infarction and necrosis 
(23). The actual mechanics of disinfection is 
equally significant. Will the application of a 
chosen substance applied locally with a mini- 
mum of surgical interference permit disinfec- 
tion of areas where sequestra or intramedul- 
lary abscesses are present? May bacteriostatic 
or bactericidal effects be attained where bac- 
teria are protected by cicatrized, fibrosed, and 
avascular periosteal tissue or by sclerotic bone? 
The success of any therapeutic program de- 
pends upon the answers to these and many 
other questions. Relative failure of surgery or 
parenteral penicillin to deal effectively with 
chronic osteomyelitis is ample evidence that 
new methods are required. 

Sufficient data have now been accumulated 
to permit a review of 45 histories of chronic 
osteomyelitis treated by the techniques de- 
scribed in three preliminary reports (9, 10, 11). 
The basic treatment involves supplementa- 
tion of parenteral antibiotic agents with the 
local instillation of one or more antibiotics or 
chemotherapeutic substances in surface active 
solvents. The method offers a rapid, relatively 
simple therapeutic regimen and is a conserva- 
tive alternative to the mutilating surgery still 
practiced in the treatment of chronic osteo- 
myelitis. It is strongly urged that sauceriza- 
tion and other radical methods in the treat- 
ment of osteomyelitis be condemned as relics 
of the preantibiotic era. Conservative pro- 
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cedures should also be stressed in the field of 
thoracic surgery. There is ample time in 
chronic diseases for the routine operative ap- 
proach if antibiotic treatment is unsuccessful. 


CLINICAL MATERIAL 


The 45 patients treated for chronic osteo- 
myelitis by antibiotic-detergent therapy ranged 
in age from 14 to 70 years. At the time of 
treatment the disease had been established for 
from 2 weeks to 51 years. All but 3 patients 
had one or more draining sinuses at the onset 
of therapy, and in 33 cases surgery had been 
performed without lasting benefit. Collectively, 
the 45 persons treated had undergone a total 
of 244 operations, varying from a few who had 
never been the subjects of surgery to a 37 year 
old man who had been operated upon 38 sep- 
arate times. 

Active chronic infection was localized in the 
following sites: femur 17; tibia or fibula 15; 
humerus 4; scapula 2; mandible 1; sacroiliac 
joint 1; metatarsals, metacarpals, and pha- 
langes 6; sacrum 1; hip 5; frontal bone 1; os 
calcis 1; ilium 2. Lesions total more than 45 
because of multiple sites in several patients. 


BACTERIOLOGICAL FINDINGS IN 30 CASES 


A bacteriological analysis has been made of 
the material obtained from 30 cases of chronic 


TABLE I.—BACTERIA OBSERVED IN 30 CASES 


OF CHRONIC OSTEOMYELITIS 

Frequency 
Organism 

Staphylococcus aureus 

Staphylococcus albus 

Staphylococcus aureus, staphylococcus albus. . . 
Staphylococcus albus, beta streptococcus 
Staphylococcus albus, gamma Streptococcus .. . 
Staphylococcus aureus, Proteus vulgaris 
Staphylococcus aureus, Pseudomonas aerogenosa 
Staphylococcus aureus, beta streptococcus 
Staphylococcus aureus, beta and gamma strepto- 


Beta streptococcus, Proteus vulgaris 
Escherichia coli, diptheroid 


coccus I 
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TABLE II.—CLINICAL HISTORIES OF 45 CASES OF CHRONIC OSTEOMYELITIS TREATED WITH 
PENICILLIN PARENTERALLY AND IN SURFACE ACTIVE SOLUTION 


CLOSED CASES 


Bones involved 


Duration 


Organism involved 


Treat- 
ment 


Comments 


Fibula, tibia 


9 yrs. 


Staphylococcus aureus strain 


Detergent puddled about woun: 
not injected. 4 yrs. follow-up. » 


Femur 


Io yrs. 


Tergitol was the detergent and 
with penicillin was injec 
down to bone. 5 yr. follow-up. 


Frontal 


Hemolytic Staphylococcus 
eus 


Multiple injections through small 
fistula about nasal area. 1 yr. 
follow-up. 


Hip joint 


Escherichia coli, diphtheroid 


1 yr. follow-up 


Femur, fibula 


Staphylococcus albus and 
aureus 


1 yr. follow-up 


Hip joint 


Hemolytic Staphylococcus 
aureus 


1 yr. follow-up 


Tibia 


Hemolytic staphylococcus 


1 yr. follow-up 


Tibia 


Hemolytic Staphylococcus 
aureus 


3 yr. follow-up 


Os calcis cuboid 


Hemolytic Staphylococcus 
aureus 


1 yr. follow-up 


Tlium, sacrum, sacroiliac joint 


2 yr. follow-up 


Femur, humerus 


3 yr. follow-up 


Tibia 


Hemolytic Staphylococcus 
aureus, proteus 


1 yr. follow-up 


Fibula 


1 yr. follow-up 


Tibia 


Hemolytic staphylococcus 


3 yr. follow-up 


Terminal phalanx finger 


2 yr. follow-up 


Terminal phalanx toe 


2 yr. follow-up 


Proximal phalanx 


3 yr. follow-up 


llium 


Mandible 


Instillation was directly into the 
necrotic bone where tooth was 
extracted. 1 yr. follow-up 


Tibia 


Hemolytic Staphylococcus 
aureus 


3 yr. follow-up 


L. fibula, R. tibia, L. & R. 
humerus 


Hemolytic Staphylococcus 
aureus, proteus 


3 yr. follow-up 


Femur 


Beta hemolytic streptococ- 
cus, Proteus vulgaris 


Femur 


Hemolytic staphylococcus, 
Bacillus pyocyaneus 


Femur 


Hemolytic Staphylococcus 
aureus 


Treated elsewhere. Local M.D. 
reported no further drainage 


Scapula 


Comment above 


Humerus 


Comment above 


Finger 


Comment above 


Finger 


Comment above 


L. knee 


Tergitol was detergent instead of 
aerosol wash 


Age Oper- 
ane Sex ations 
I 68 ° 
M 
- 
5 25 yrs. 4 3 
aE. zz 
M 
II 28 yrs. 5 2 
© 
13 fo 8 yrs. 3 
14 2s yrs. | 2 
5 
16 3 I 
17 2 wks. 3 
M 
F 
M 
27 | 3 
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TABLE II.—CLINICAL HISTORIES OF 45 CASES OF CHRONIC OSTEOMYELITIS TREATED 
WITH PENICILLIN PARENTERALLY AND IN SURFACE ACTIVE SOLUTION—Continued 
CLOSED CASES—CONTINUED 


Bones involved 


Duration 


Organism involved 


Treat- 
ment 


Comments 


22 
F 


R. hip 


9 yrs. 


4 


17 
F 


Hip joint 


II yrs. 


Hemolytic Straphylococcus 
aureus, Streptococcus 
pyogenes 


OPEN CASES (IMPROVED) 


Femur, tibia 


Hemolytic Staphylococcus 
aureus 


Tibia closed; femur still discharg- 
ing but less in amount. 4 yr. 
follow-up 


- | Hip joint, femur 


Hemolytic Staphylococcus 
albus 


2 yr. follow-up 


Femur stump 


Staphylococcus albus 


3 yr. follow-up 


Femur 


Hemolytic Staphylococcus 
aureus 


Later closed elsewhere following 
surgery 


Tibia, fibula 


Hemolytic Staphylococcus 
aureus 


Tergitol was the detergent instead 
of aerosol. Later closed else- 
where following surgery. 1 yr. 
follow-up 


Femur 


3% yrs. 


Hemolytic Staphylococcus 
aureus 


Giant cell tumor previously re- 
moved. 3 yr. follow-up 


Femur 


16 yrs. 


Hemolytic Staphylococccus 
aureus 


1 yr. follow-up 


17 
M 


Tibia 


6 yrs. 


Hemolytic Staphylococcus 
aureus 


*These four patients Cases 


tCase 309, lost track of. 


5, 36, 37, 38, treated elsewhere and im 
treated before we had adequately developed the technique of using the 


OPEN CASES (NOT IMPROVED) 


oved; improvement possibly helped by antibiotic therapy. They were 
tube down to the bone marrow. 


M 


Femur 


27 yrs. 


Staphylococcus albus 


Treated before the present deter- 
gent, aerosol wash, was obtain- 
able and before ‘the T tube 
technique in long bones was 
adopted. 1 yr. follow-up 


Streptococcus pyogenes; 
hemolytic Staphylococcus 
aureus 


Same comments. 3 yr. follow-up 


Beta hemolytic streptococ- 
cus; hemolytic Staphy- 
lococcus aureus; gamma 
streptococcus 


Same comments. 3 yr. follow-up 


Staphylococcus albus, beta 
streptococcus 


ation; 


Unable to close despite o 
‘ollow-up 


Has left clinic. 2 yr. 


Hemolytic Staphylococcus 
aureus, proteus 


Greatly improved. Tibia and 
fibula have closed and large 
denuded area of exposed bone 
now covered with good scar tis- 
sue. Femur is still discharging. 

3 yr. follow-up 


Staphylococcus albus, gam- 
ma streptococcus 


Adequate dosage of detergent and 
penicillin gave reaction so 
severe that on 3 occasions had 
to discontinue therapy. 2 yr 
follow-up 


osteomyelitis. Staphylococci were found in all 


but 2. There is no doubt that Staphylococcus 
aureus is of primary importance in the etiology. 
A summary of observations at St. John’s 
Hospital, Brooklyn, is presented in Table I. 


METHOD OF TREATMENT 


The fundamental principle of the various 
methods of treatment is to strive for topical 
contact of the detergent-antibiotic solution 
with the infecting organism. Injection of de- 


34 2 | bys. | 3 it 
a |g | Femur 7 yrs. 2 
42 7 Tibia 19 yrs. 20 
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tergent-antibiotic preparations into soft tissue 
is not advised because of the irritating reac- 
tion. If the possibility exists that injection 
into soft tissue will eliminate an operation, the 
method may be employed with caution. Proper 
utilization of topical antibiotic-detergent ther- 
apy as a valuable agent in soft tissue infection 
will be discussed in a subsequent paper. 

Topical therapy with the use of penicillin 
dissolved in surface active agents that will be 
enumerated appeared to present the advan- 
tages of demonstrable potentiation of penicil- 
lin action over a wide range of concentrations, 
against both penicillin resistant and sensitive 
staphylococci. Evidence on possible solvent 
or detoxifying action, and the effect on the ap- 
pearance of resistant strains requires further 
investigation. Also the role of the parenteral 
drug should not be forgotten. The clinical 
methods now employed were derived by minor 
modifications of the original procedures. In- 
creased experience brought better results, and 
the technique now used is considered satisfac- 
tory. 

A review of the histories of 6 patients and 
the therapeutic methods involved will now be 
described as an aid in the interpretation of 
Table II. A representative history will serve 
to identify and describe each of the methods 
designated by a numeral in the table. 


CASE REPORTS 


Case 1. (Table II.) Following automobile acci- 

dent in 1935, patient sustained a compound fracture 
of the left tibia and fibula. Following the incident he 
developed a persistent draining sinus from a chronic 
osteomyelitis with secondary skin irritation and ul- 
ceration. 
Method 1. An anionic detergent (tergitol; sodium 2- 
methyl-7 ethyl undecyl-4 sulfate 1:1000 aq.) was used 
as a solvent for the penicillin (10,000 units to 1 ml.). 
This solution was puddled over the sinus tract after 
vaseline gauze strips were placed in the form of a cir- 
cular dam about the opening. Every 4 hours for 10 
days, 5 milliliters of the solution was placed in the 
sinus tract. Four and one-half years following treat- 
ment the patient has no discomfort or discharge from 
the affected area. 

Case 11. (Table II.) Acute osteomyelitis of right 
humerus had been treated elsewhere for acute ar- 
thritis for 1 month. Patient responded promptly to 
topical antibiotic therapy without surgical interfer- 
ence. Before patient left the hospital and while un- 
der therapy, an infected wisdom tooth was removed. 
Aerosolized antibiotic-detergent was subsequently 
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used for a chronic sinusitis so that all demonstrable 
foci have now been removed. 

Method 2. In Case 11, 50,000 units of penicillin 
dissolved in 3 milliliters of saline were injected down 
to the cortical bone in the region directly above the 
osteomyelitic tissue every 3 hours for 72 hours, sup- 
plemented by 300,000 units of penicillin parenterally 
daily for 10 days. The importance of the topical 
approach was graphically noted in this case, since 
the pain and temperature did not disappear until 
the topical technique was used, in spite of previous 
adequate parenteral therapy. In 2 other patients we 
used a detergent (zephiran chloride aqueous solution 
1:1000) instead of saline in a similar manner for 24 
hours and believe the suppurative developments 
noted in osteomyelitis were aborted. Unless a sinus 
tract is present, we are reluctant to inject the anti- 
biotic detergent solution onto the bone until 48 
hours’ treatment with parenteral and topical pen- 
icillin dissolved in saline has been tried. 

Case 10. (Table II.) Patient aged 32 years was 
first seen at the clinic with a chronic discharging 
sinus from the right lumbosacral and sacroiliac region 
of 10 years’ duration, with a history of injury that 
precipitated the illness. Previous surgery had not 
been effective in curing osteomyelitis. The distinct 
possibility that the infected area extended to tissue 
about the cauda equina undoubtedly limited the ex- 
tent of the original surgery. 

Method 3. Aureteral catheter was inserted through 
the old sinus tract down to the diseased bone and 
aerosol OT 1:1000 containing 50,000 units of pen- 
icillin per milliliter was inserted every 3 hours for a 
10 day period. The amount used varied from 2 milli- 
liters on this patient to somewhat more and generally 
will depend on the size of the sinus and the area of 
diseased bone. Parenteral therapy was employed as 
with the previous methods. 

Case 14. (Table II.) This patient had been af- 
fected with chronic osteomyelitis of the left tibia on 
and off for 25 years. Patient’s recent complaint, in 
addition to the osteomyelitis, was multiple fractures, 
associated with osteomyelitis, that were frequently 
sustained as the result of his work as a rancher. The 
danger of a false joint developing at the mid portion 
of the tibia was a matter of great concern to the local 
clinician and to the patient. He was given the rou- 
tine treatment using one T tube and had a very 
prompt and satisfactory recovery. 

Case 32. (Table II.) Patient with chronic osteo- 
myelitis of left tibia and fibula of 44 years’ duration, 
with disability for last 4 years, had been unable to 
hold a steady position for over 2 or 3 weeks. Infec- 
tion was secondary to osteomyelitis of the left femur. 
Patient had oral and prostatic sepsis and in addition 
mild diabetes controlled by diet. 

Method 4. This method appears to be the most 
satisfactory. In Case 14, the sinus tract was fol- 
lowed by a probe down to the area where it led to the 
diseased bone. It was then excised so that most or all 
of the scar tissue was removed with adequate ex- 
posure given to the diseased bone. The point of 
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Fig. 1. Caser. Method,1. Healed fracture of the middle 
third of both bones with angular deformity and shortening. 
Union between the tibia and fibula at the point of fracture. 


maximum necrosis was identified and with a curette 
or bone drill, a circular opening, 1 to 2 centimeters in 
diameter, was made with a tunnel on either side of it, 
along the long axis of the bone. Thus 1 to 1.5 centi- 
meters of each arm of a T tube lay freely in the 
medullary canal. Routinely, before starting any 
operation on the bone, 3 milliliters of antibiotic deter- 
gent is puddled about the infected area, so that the 
danger of disseminating infective foci free of penicil- 
lin-detergent is diminished. This procedure is re- 
peated as soon as the medullary canal is entered. 
Finally, when the T tube is in place, another 3 milli- 
liters is injected through the end of the tube. On 
many occasions we have found this final check-up 
important because of the frequency with which 
necrotic material occludes the openings. No effort 
is made to do a sequestrectomy. The wound is closed 
in layers without drainage. The tube catheter is 
fixed to the skin and every 4 hours night and day for 
10 days, 3 to 5 milliliters of a solution of aerosol 
W/W and penicillin is injected through the tube. 
This solution is obtained by dissolving 1,000,000 
units of penicillin in too milliliters of aerosol W/W.! 


We have frequently found that in cases of 
long duration the normal anatomical structure 
of the bone is so damaged that the medullary 
canal cannot be identified. In such instances 
an attempt is made to reconstruct a space large 

1Aerosol W/W. A mixture of aerosol OT 0.68% and aerosol 22 


0.08% in distilled water and preservatives. This was diluted to 
1:1000 for use. 


TREATMENT OF CHRONIC OSTEOMYELITIS 


Fig. 2. Case 11. Method 2. Chronic osteomyelitis of the 
right shoulder, upper end of the humerus. Thickening and 
elevation of the periosteum and elevation of the periosteum 
outer surface, upper one-third of shaft apparently active. 
Subsequent x-ray studies show no activity in the bone and 
damage from infection completely resolved. 


enough to receive the T tube, so that an area is 
present to receive and contain the detergent 
antibiotic solution. 


DISCUSSION 


A primary difficulty in the treatment of 
chronic osteomyelitis by chemotherapeutic 
agents is the relative isolation of the infected 
tissues. If viable staphylococci or other patho- 
gens continue to exist in the bone structure fol- 
lowing surgical or chemotherapeutic treatment, 
the menace of remission in arrested cases of 
osteomyelitis is always present. No antibiotic 
administered parenterally can be expected to 
reach infective foci in the long bones in any 
quantity. Often the periosteal vascular plexus 
is impoverished or the nutrient artery and its 
ramifications partially occluded through vas- 
cular thrombosis and pathological obliteration 
(23). Bacteria situated subperiosteally in su- 
perficial haversian canals or within medullary 
and intraosseous abscesses are insulated from 
parenterally administered agents in varying 
degrees, depending on the extent of avascular- 
ity. Experiments on animals suggest that even 
in the absence of disease, the penetration of 
intramuscularly administered penicillin into 
the interior of long bones is slight (21). Usually 
no penicillin can be recovered from bone chips 
removed operatively from patients who have 
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Fig. 3. Case 10. Method 3. Chronic osteomyelitis of the 
ileum involving the sacrum and sacroiliac joint on the right 
side. There is ankylosis of the sacroiliac joint. 


been under extensive parenteral penicillin 
therapy (5). 

How, then, is the site of infection to be 
reached? The traditional method as practiced 
by the disciples of Orr is to excise large areas 
of chronically infected tissue by surgery and to 
repair the saucerized wound by allowing gran- 
ulation and performing skin grafts where re- 
quired. Although about three-fourths of the 
persons treated by radical surgery are healed 
or improved, there remain a substantial num- 
ber who return periodically for further surgery 
and undergo progressive mutilation with no 
benefit. 

If attempt is made to reach infective foci 
by nonoperative techniques other difficulties 
are encountered. When draining sinuses are 
present the simplest method is to introduce the 
antibacterial agent directly into the sinus cav- 
ity, a procedure employed in 26 of the cases 
listed in Table I. The aim is to reach the 
source of drainage by repeated instillation of 
an antibiotic or chemotherapeutic solution 
through tube or catheter into the sinus at point 
of origin. Since drainage point and infective 


center may be separated anatomically by a 
considerable distance, it is now recommended 
that an opening be made directly into the bone 
at the region that roentgenographic evidence 
or physical findings indicate is the focus of the 
disease. Any improvement that may result is 
presumably dependent at least in part on direct 
topical effect of the instilled solution acting 
upon the infection, rather than indirect ab- 
sorption of material from the sinus walls with 
a parallel systemic effect. Hite observes that 
the sinus tract wall acts as a barrier to the ex- 
change of products between the sinus cavity 
and the vascular system, an obviously signifi- 
cant observation if reliance is placed solely on 
parenteral therapy (14). 

Experiments exist to show that purulent 
material is greatly thinned and softened in 
abscesses and empyema, when azochloramide 
is administered in an anionic wetting agent 
(18). Because of the demonstrated liquefac- 
tion of purulent material by certain wetting 
agents (19), we have made the assumption that 
penicillin in a wetting agent introduced into 
the sinus tract or infective centers may reach 
the isolated pathogens more readily. Wetting 
agents are defined as substances that lower the 
attraction between water molecules, thereby 
reducing surface tension. They also possess an 
affinity for fatty materials in a specific portion 
of their chemical structure. Most wetting 
agents bear electrical charges that have been 
postulated to be effective in the dispersal of 
pus and cellular debris. The penetration of 
mercurial compounds into the skin has been 
shown to be markedly enhanced by such agents 
(8). The biological behavior of these sub- 
stances is complex and it cannot always be 
predicted that increased penetration is the 
inevitable consequence of reduced surface ten- 
sion. It should be realized that penicillin solu- 
tions in themselves have lowered surface ten- 
sion (12), and that whether enhanced pene- 
tration of a bacteriostatic agent is to occur 
when a detergent is added must be determined 
by test. With due regard to the clinical possi- 
bility of undue hemolysis or lipemia, the judici- 
ous topical use of wetting agents is justified 
in our experience. The junior author and asso- 
ciates have shown that penicillin activity is in- 
creased by both zephiran and aerosol O.T. 
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Fig. 4. Case 32. Method 4. Two T tubes were used in 
this case because of the magnitude of the damage. Osteo- 
porosis of the bones of the foot probably due to disuse. 


under specific circumstances (3). Increased ef- 
fectiveness or increased tissue permeability de- 
pend on many imponderables and must always 
be considered in the light of the particular cir- 
cumstances involved (20, 22). A potential af- 
finity of aerosol wash or aerosol O.T. for the 
fatty elements present in pus and bone mar- 
row and the detergent property may, never- 
theless, be elements in the apparent clinical 
effectiveness of these solvents for penicillin. 

Another characteristic of many surface ac- 
tive substances of potential clinical signifi- 
cance, is their ability to destroy bacterial 
toxins. The occurrence of staphylococcal tox- 
ins in osteomyelitis has been reported (2). 
Although a destructive effect of wetting agents 
on bacterial toxins is an implied part of their 
ability to denature proteins there is some 
doubt whether the tendency of wetting agents 
to become concentrated in a nonrandom man- 
ner would permit accumulation of sufficient 
quantity at the required sites to permit either 
detergency or detoxification to any marked 
degree. More basic research needs to be done 
on these problems. 

One of the attendant difficulties of chemo- 
therapy is the development of bacterial strains 
resistant to the drug employed. The origin of 
penicillin resistant strains of staphylococcus 
involves merely the selection of hereditary 
variants (mutants) by selective elimination of 


Fig. 5. Case 14. Method 4. Healed fracture of the 
middle one-half of the left tibia. The anterior portion of 
the fracture line is slightly opened. Definite thickening of 
the periosteum at the site of the fracture. This suggests a 
periostitis and possibly an osteomyelitis at the point of the 
fracture. A partly absorbed sequestrum is seen at the site 
of the old osteomyelitis at the lower one-third of the tibia. 


sensitive members of a bacterial population in 
the presence of penicillin. The appearance of 
penicillin resistant staphylococci during anti- 
biotic therapy in cases of osteomyelitis has 
been reported by several investigators (5, 7, 
17). The clinical significance is not yet eval- 
uated. The effect in vitro of other chemo- 
therapeutic agents or surface active substances 
combined with penicillin on the growth of 
penicillin resistant organisms has been de- 
scribed by Bryson and associates (3), Carpenter 
and associates, Klein and Kimmelman, and 
others. Multiple chemotherapy, as exempli- 
fied by the topical administration of penicillin 
in zephiran chloride or aerosol O.T., theoreti- 
cally, provides a method for reducing the in- 
cidence of resistant strains (cf. Bryson and 
Grace, (41)). The attendant advantage of anti- 
bacterial synergism, long known to bacteriolo- 
gists, is represented graphically in Chart tr. 
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Chart 1. Consecutive assays of Staphylococcus aureus-from tryptose phosphate broth containing penicillin and 


aerosol OT, singly and in combination. 


Inspection of the data compiled in Chart 1 
shows that concentrations of penicillin that 
would be ineffective in preventing the growth 
of staphylococcus are able to destroy bacteria 
in the presence of mildly inhibitory levels of 
the wetting agent, aerosol O.T.; and supple- 
mentary experiments support the now familiar 
observation that penicillin resistant organisms 
are found with less frequency when bacteria 
are grown in the presence of an additional in- 
hibitory agent. 

However interesting these facts may be, the 
only valid test of a program of therapy for 
chronic osteomyelitis is its clinical success, as 
measured by alleviation or cure. The assess- 
ment must be made in terms of sacrifices by 
the patient including the time necessary for 
treatment, financial burden and ultimate cos- 
metic and constitutional effects. A compari- 
son with the work of others is made difficult by 
the lack of controls in clinical practice. Even 


under rigidly standardized conditions of treat- 
ment, patients with the same diagnosis may 
present very different problems. As a basis of 
comparison for the clinical studies described, 
we have selected the recent work of Buchman 
and Blair, and that of Anderson, Howard, and 
Rammelkamp. 

The experience of Buchman and Blair with 
chronic osteomyelitis has been that control of 
infection without surgical intervention is of no 
value. They observe that surgery creates prob- 
lems resulting from the necessary repair of the 
cavity produced by surgical excision of necrotic 
tissue. The ultimate solution has been to re- 
duce surgery to the minimum compatible with 
an effective clinical.result. Thus, the final and 
most successful procedure recommended by 
these authors, has been saucerization with the 
cavity kept as small as possible and with 
primary closure by suture of periosteum and 
muscle layer, subcutaneous tissue and skin. 
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The accompanying penicillin therapy con- 
sisted of 20,000 units every 3 hours with an 
initial topical treatment of 250 units per milli- 
liter of isotonic saline delivered into the wound. 
Sinuses were curetted or excised with affected 
limbs immobilized in compression dressings. 
In evaluating the result it is perhaps significant 
that all but 5 of the 27 cases of chronic osteo- 
myelitis treated by primary closure in the 
report of Buchman and Blair were under the 
age of 30 years. 

Anderson, Howard, and Rammelkamp have 
described the use of penicillin in the treatment 
of 40 cases of chronic osteomyelitis. These in- 
vestigators have applied penicillin locally, in 
conjunction with systemic treatment of 16 
patients within the larger group. Penicillin 
was delivered topically through catheters lead- 
ing into the wound. Of the 32 patients in 
which infection was arrested, a relapse oc- 
curred at 1 to 15 months later in nearly half. 
Twenty-eight patients have been without evi- 
dence of further infection, if, among the 40 
treated, we include those undergoing relapse 
and successful retreatment. Therapy consisted 
of conservative surgery without saucerization, 
primary closure and parenteral penicillin some- 
times with adjuvant local application of the 
antibiotic. 

Our own data compare favorably with the 
reports cited. The result that would have 
been obtained without the use of detergent 
cannot be established directly because of the 
previously cited difficulty of obtaining ade- 
quate control material in clinical work. It can 
only be said that other investigators using 
penicillin parenterally and locally with a mini- 
mum of surgery have been discouraged. In 
contrast to Buchman and Blair, we do not 
believe saucerization is required, since a rela- 
tively longer follow-up of patients receiving 
penicillin detergent therapy without sauceri- 
zation shows a very favorable proportion of 
arrested cases. 

The attendant advantages to the patient 
of minimal surgery and reduced period of 
hospitalization should be considered whenever 
a choice of methods is made. Conservative 
techniques of chemotherapy should, whenever 
possible, precede or exclude extensive surgical 
procedures. 


CONCLUSION 


1. Forty-five patients with chronic osteo- 
myelitis ranging in duration from 2 weeks to 
51 years have been treated with parenteral 
penicillin and minimal surgery. An essential 
part of the therapeutic program has been the 
local instillation of penicillin dissolved in 
anionic detergent solutions into the infective 
focus, followed by primary closure ofthe wound. 

2. The addition of a detergent to penicillin 
potentiates its action on staphylococci in vitro 
and may be instrumental in promoting con- 
tact between antibiotic and isolated bacteria 
in purulent or avascular areas. As a form of 
multiple chemotherapy, the significance of 
antibiotic detergent solutions is discussed in 
its relation to the origin of drug resistant 
strains of bacteria. 

3. Sixty-nine per cent of patients with 
chronic osteomyelitis that have been treated 
by the methods advocated have had a com- 
plete arrest of the disease for periods that now 
extend from 1 to nearly 5 years of observation. 
In contrast to the orthodox methods of exten- 
sive saucerization and immobilization, pa- 
tients have been hospitalized for an average of 
only 1o days and are ambulatory at the termi- 
nation of treatment. 
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REGIONAL ENTERITIS 


Clinical and Experimental Observations 


STEPHEN CHESS, M.D., Ph.D.,. GEORGE OLANDER, M.S., M.D., CHARLES B. PUESTOW, 
M.D., Ph.D., F.A.C.S., WILLIAM BENNER, M.D., and DOROTHY CHESS, MLS., M.D., 
Chicago, Illinois 


HE disease currently known as re- 
gional enteritis was first established 
as a clinical entity in 1932 (4). Since 
that time there have been 40 patients 
at the Veterans Administration Hospital, 
Hines, Illinois, in whom this diagnosis was 
made either at operation or by roentgeno- 
graphic studies. Approximately half of these 
cases have been recognized in the past 2 years. 

The frequency, or the recognition, of this 
disease is increasing. Although the clinical 
picture is quite clearly defined (10), the eti- 
ology and pathogenesis are obscure and the 
treatment is controversial. Further clinical 
and experimental studies of this condition 
are indicated. 

This report summarizes the information 
gained from a study of the 40 clinical cases 
and the results of experimental work which 
may have a bearing on the etiology and patho- 
genesis of the disease. 


CLINICAL OBSERVATIONS 


All patients in this series were males. This 
fact has no bearing upon the sex incidence of 
the disease, however, as the number of females 
admitted to Veterans Administration Hospi- 
tals is small. All patients were of the white 
race and in this series no significant correlation 
could be made with any particular nationality 
or occupation. The average age at which the 
disease manifested itself was 37 years, the ex- 
tremes of age being 20 and 60. Twenty-five 
patients had roentgenographic evidence of re- 
gional enteritis. Thirty-eight surgical pro- 
cedures were performed. Five deaths occurred 
among the 40 cases, one of which was attribu- 
table to the surgical procedure. There have 
been no postoperative deaths in the past 2 
years. The incidence of symptoms and signs 
in these patients is shown in Table I. 


In addition to the usual preoperative and 
postoperative treatment, various forms of 
chemotherapy were employed including the 
sulfonamides, penicillin, and streptomycin. 
These drugs were found to have no apparent 
value except as adjuncts to the surgical man- 
agement of the disease. 

Efforts to identify a specific bacterium as 
the etiologic agent for regional enteritis have 
been unsuccessful. Some investigators believe 
that the tubercle bacillus is the causative 
agent of the disease because the pathologic 
findings are similarto those of tuberculosis (13). 
On the basis of clinical and experimental evi- 
dence the following organisms, agents or con- 
ditions have been suspected: bacteria (Bacil- 
lus coli, Bacillus dysenteriae, and all other 
organisms which are capable of inhabiting the 
intestinal tract either normally or in pathologic 
states); bacterial toxins; animal parasites; 
viruses; allergy; sarcoid; achylia gastrica; 
foreign bodies; blockage of lymph channels; 
impairment of blood supply; trauma; appen- 
diceal inflammation ; neurotropic disturbances; 


TABLE I.—INCIDENCE OF SYMPTOMS AND SIGNS 


Cramping pain in the abdomen.................. go 
Tenderness in the right lower abdomen........... 85 
Partial bowel obstruction....................... 74 
Palpable mass in the right lower abdomen........ 41 
Elevation of sedimentation rate................. 30 
Previous 21 
Fistulas (internal and external).................. 15 
Acute intestinal obstruction..................... 12 
Massive 2 
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Fig. 1. Diagram of ileostomy with exclusion to show 
operative procedure used to produce a Thiry fistula of the 
terminal ileum and cecum into which was instilled a suspen- 
sion of either finely divided sand or talcum powder such as 
is used to powder surgical gloves. 


hormone imbalance; and vitamin deficiency. 
Among predisposing factors, as in ulcerative 
colitis, anxiety and emotional instability seem 
to be important (z). 

Reichert and Mathes produced pathologic 
changes indistinguishable from those occurring 
in regional enteritis by injecting the lymphat- 
ics of the small bowel mesentery of dogs with 
finely divided sand and other sclerosing solu- 
tions. Poppe reproduced the pathologic state 
of ulcerative colitis in a similar manner. These 
studies, in addition to negative bacterial stud- 
ies, suggest that factors other than infection 
may play a part in the pathogenesis of this 
disease. The ingestion of a material capable of 
producing a fibrogenic reaction in the intestine 
similar to that which occurs in the lung when 
finely divided silicious dust is inhaled could be 
such a factor. Among irritating substances to 
which one is constantly exposed are certain 
ingredients of tooth powders and pastes which 
contain a high percentage of very finely divided 
silica, as shown in a survey by Lanza, of indus- 
trial dusts constituting hazards. Pathologists 
have reported the presence of crystalline and 
doubly refractive materials in the foreign body 
giant cells in tissues obtained from patients 
with regional enteritis (3). It may be theorized 
that if a fibrogenic substance such as silica in 
a finely divided state can be absorbed by the 
lymphatics of the lung to produce the disease 
known as silicosis, the lymphatics of the intes- 


Fig. 2. Photograph showing the terminal ileum of a dog 
at the time of sacrificing the animal 3 months following the 
operative procedure illustrated in Figure 1. Into the iso- 
lated loop of terminal ileum was instilled a 10 milliliter 
suspension of No. 400 mesh sand. Note the diminished 
lumen of the isolated loop of bowel marked by the hemostat 
as compared with that of the normal ileum next to it. The 
cut edges of both loops of bowel were made within 2 inches 
of each other along the original course of the terminal ileum 
within 12 inches of the cecum. Note the scarring and thick- 
ening of the excluded ileum in the upper right corner, and 
the adhesions and enlarged mesenteric nodes. 


tine may be able to take up silica from the 
lumen of the bowel where lymphatics are 
prominent. This could be true especially in 
the terminal ileum where the ileocecal valve 
and reverse peristalsis cause a delay in the 
passage of the intestinal contents. 


EXPERIMENTAL OBSERVATIONS AND CLINICAL 
CORRELATIONS 


I. THIRY FISTULA WITH INSTILLATION OF SAND 


To study the effect of finely divided silicious 
material upon the bowel, Thiry fistulas (Fig. 1) 
of the terminal ileum were made in a series of 
dogs. This operation is similar to the short- 
circuiting operation frequently used for the 
treatment of regional enteritis, namely, ileos- 
tomy with exclusion. Instead of closing the 
distal end of the divided ileum and dropping 
it back into the abdominal cavity, it was 
brought out through the abdominal wall. 
Into this isolated loop of terminal ileum a 
suspension of No. 400 mesh sand or talc 
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Fig. 3. Photomicrographs of the same magnification showing control cross section of terminal 
ileum (left) as compared with cross section of terminal ileum (right) isolated from the fecal stream 


and into which ha 


been injected finely divided sand. These sections were taken from the termi- 


nal ileum of the same dog within 6 inches of each other at the time of sacrificing the animal. Note the 
thickening of the bowel wall, the diminished lumen, and the submucous lymphoid hyperplasia in the sec- 
tion on the right as compared with the thickness of the wall, the size of the lumen, and the condition 
of the submucosa, respectively, in the control section on the left. 


U.S.P. was injected. A sufficient amount of 
material was injected into the isolated loop to 
produce slight tension upon the bowel wall. 
The tension was maintained by a mass liga- 
ture around the protruding ileum. 


Fig. 4. Photomicrograph showing lymphoid hyperplasia 
of the submucosa of the terminal ileum isolated from the 
fecal stream by a Thiry fistula (Fig. 1) and into the lumen 
of which had been injected a suspension of finely divided 
sand at the time of operation. Lymphoid hyperplasia of 
the submucosa is considered by Hadfield to be the primary 
lesion in regional enteritis. 


Results and comparisons. In this experi- 
mental series of animals there were no post- 
operative deaths and no noticeable adverse 
systemic effects. One animal sacrificed on the 
sixth postoperative day showed no significant 


Fig. 5. Photomicrograph showing granuloma of bowel 
wall in terminal ileum of dog, the terminal ileum being iso- 
lated by the operative procedure illustrated in Figure 1 and 
into which had been instilled finely divided sand. Note the 
giant cells in the lower center. Compare with photomicro- 

aphs of bowel wall taken from case of regional enteritis 
(Figs. 6 and 8). 
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Fig. 6. Photomicrograph of specimen shown in Figure 7 
showing submucosa with typical granulomatous lesions and 
lymphoid hyperplasia. Compare with Figures 4 and 5. 


gross or microscopic change in the isolated 
loop of ileum and cecum or in the mesenteric 
lymph nodes. The remaining dogs were sac- 
rificed at intervals during a period of 210 days 
following operation. In all animals, gross and 
microscopic changes in the isolated loop of 
terminal ileum and in the adjacent mesentery 


Fig. 7. Photograph of surgical specimen of terminal 
ileum, cecum and ascending colon from a case of regional 
enteritis. The patient was operated upon 1 year previously 
at which time an ileotransverse colostomy was made, the 
scissors marking the site of anastomosis in the photograph. 
Note the thickened bowel wall and diminished lumen of the 
opened terminal ileum, lower center. Thickened mesentery 
and hyperplasia of the mesenteric nodes are prominent. 
Compare with Figure 2. 


Fig. 8. High power photomicrograph of an area from 
Figure 6 showing giant cells. Compare with photomicro- 
graph, Figure 5. 


and mesenteric nodes were found. There were 
adhesions between the isolated loop of bowel 
and adjacent structures. The terminal ileum 
was thickened and hard (Fig. 2) and its lumen 
was diminished to about one-third of its origin- 
al diameter. A typical measurement at the 
time of sacrificing the animal was one-half 
centimeter as compared with a diameter of 
1% centimeters of the adjacent normal ileum 
(Fig. 3). Microscopically lymphoid hyper- 
plasia of the submucosa (Fig. 4), hyperplasia 
of the mesenteric nodes and granulomatous 
lesions of the bowel wall containing giant cells 
(Fig. 5) were seen. These findings are similar 
to those of regional enteritis in which there is 
characteristically a thickened bowel wall, a 
diminished intestinal lumen (Fig. 7), a submu- 
cous lymphoid hyperplasia and granuloma- 
tous lesions in the bowel wall containing giant 
cells (Figs. 6 and 8). 

Of the 13 dogs similarly operated upon and 
treated, except that a suspension of talc 
U.S.P. was used in place of finely divided 
sand, only 4 survived longer than 8 days. One 
died 22 days following operation. The 3 re- 
maining were sacrificed at 22, 71, and 98 days 
postoperatively. The dogs which died within 
8 days following injection of the talc suspen- 
sion had a plastic peritonitis. There was no 
evidence of leakage at the anastomotic site in 
any case but the abdominal viscera were 
covered with a thick, sticky, whitish exudate. 
The dogs which survived and were sacrificed 
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exhibited the same gross and microscopic pic- 
ture as the animals injected with sand except 
that the serosal surfaces of the abdominal 
viscera were more granular and adhesions 
were more numerous in talc treated animals. 


Il. SAND AND TALC FEEDING 


Another series of dogs was fed either No. 
400 mesh sand or talcum powder such as is 
used to powder surgical gloves. A total of 37 
dogs was used. Twelve rats were similarly fed 
No. 400 mesh sand to the extent of 214 per 
cent of the daily diet. A group was used as a 
control. The animals were sacrificed at vary- 
ing periods of time up to 1 year from the be- 
ginning of the experiment. 

Results and comparisons. These dogs de- 
veloped a peculiar syndrome at the end of 3 
weeks characterized by a generalized derma- 
titis, loss of hair, enlargement of the inguinal 
lymph nodes and weakness. For about a week 
it seemed that they would die. They re- 
covered, however, and by the fifth to the 
seventh week appeared to be lively and well 
although areas of alopecia persisted for weeks. 
These results may be explained by the belief 
that acute lymphatic obstruction develops 
early leading to interference with intestinal 
absorption. New lymph channels may open 
following which the animal recovers. 


REGIONAL ENTERITIS 


Fig. 10. High power magnification of granulomatous 
lesion in the liver of a dog in which absorption of finely 


divided sand from the gastrointestinal tract occurred. Note 
arrangement of the “chronic inflammatory cells” in lesions. 


Typical changes are found in the case his- 
tory of dog No. 2. This animal was sacrificed 
after 3 weeks of sand feeding when it ap- 
peared to be quite ill. Plasma protein, hemo- 
globin, and hematocrit determinations were 
made before the animal was sacrificed (as was 
done at regular intervals for the other animals 
in this series). The figures which are typical 
were found to be 4.1 grams per cent plasma 
protein, 13.75 grams hemoglobin, and 37.3 


Fig. 11. Photograph of opened terminal ileum of a dog 
sacrificed after 3 weeks of sand feeding and intravenous 
injections of laboratory strains of nonspecific bacteria. 
Note mucosal ulceration. Dog developed a bloody diarrhea. 
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showing granulomatous lesions resulting from the absorp- ne 
tion of finely divided sand from the gastrointestinal tract. an 
This section when viewed through the polarizing micro- Bie 
scope, revealed numerous doubly refractile granules scat- — 
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Fig. 12. Photograph of opened intestinal tract of a dog sacrificed after 3 months of sand feeding and 


after receiving intravenous injections of laboratory strains of nonspecific bacteria. Gross bl 


was 


found in the intestinal lumen. Note the thickening and scarring of the bowel wall and the mucosal ul- 
cerations especially in the encircled segment of terminal ileum. A segment of duodenum is shown in 
the lower right. The duodenum appeared to be normal in all these animals. A piece of the liver ap- 
pears in the lower left. Note the granulomas on the surface. 


hematocrit. There was a noticeable amount 
of thin serous fluid in the peritoneal cavity. 
The bowel wall distal to the duodenum was 
thickened as compared with that of a normal 
animal of the same size sacrificed at the same 
time. The mucosal folds were erased, the 
mucosa was friable and excoriated, and hemor- 
rhagic areas appeared scattered throughout 
the bowel except in the duodenum which ap- 
peared to be normal. Animals sacrificed after 
having been fed sand for periods longer than 
2 or 3 months revealed an additional finding. 
At necropsy hard, small whitish spots were 
seen on the surface of the liver. A micro- 
scopic section of the liver revealed numerous 
small granulomas (Figs. 9 and 10). 
Metabolism studies performed on 3 dogs 
showed a considerable nitrogen and fat imbal- 
ance by the third week. This coincided with 
the clinical signs of ill health appearing in the 
sand and talc fed dogs at end of similar period. 
Five sand and talc fed dogs were given in- 
travenous injections of saline suspensions of 


24 hour cultures of laboratory strains of Bacil- 
lus coli, staphylococcus and hemolytic strep- 
tococcus organisms which from previous re- 
ports produce no noticeable enteric change in 
normal dogs (9). These dogs developed a bloody 
diarrhea before the third injection and, upon 
being sacrificed, exhibited gross mucosal ul- 
cerations (Figs. 11 and 12) in small and large 
bowel and gross blood in the intestinal lumen. 

It is interesting to compare the weight loss, 
emaciation, and bloody diarrhea observed in 
this series of dogs with similar signs observed 
in cases of regional enteritis. These observa- 
tions in the dog can be explained by impaired 
protein and fat absorption from the intestine. 
Although we have found no reports of studies 
on protein and fat metabolism in cases of 
regional enteritis, it is possible that the ema- 
ciation and weight loss which occur in this 
disease might be explained on a similar basis. 

Results of feeding finely divided sand to 
growing rats can be illustrated by comparing 
the growth curve of this group of rats with 
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WEIGHT IN GRAMS 


REGIONAL ENTERITIS 


60 


3 4 5 6 
WEEKS 


Fig. 13. Graph showing growth curve of rats fed finely divided sand (broken line) in comparison with 
growth curve of control group (solid line) during a period covering 6 weeks. These growing animals 
were mated in age and weights at the beginning of the experiments and were fed the same basic diet 
except for 2% per cent finely divided silica added to the diet of the group which exhibited retardation 


in growth (broken line). 


that of a control group (Fig. 13). By the end 
of 3 weeks there was a statistically significant 
retardation in the growth of the sand fed rats 


as compared with the rats in the control group. 
This is in agreement with slump in general 
health of dogs fed sand or talc for 3 weeks. 


DIscussION 


In 1942 Webb, Selle, and Thienes studied 
the absorption, accumulation, and excretion 
of ingested silica from a chemical viewpoint. 
Four groups of rats were fed a diet containing 
1 per cent finely divided sand for 10 months. 
They found that the ingested silica can be ac- 
cumulated mainly in two organs, the liver and 
the spleen, supposedly being picked up by the 
reticuloendothelial system from the blood 
where it circulates in colloidal form. In the 
light of newer concepts of the pathogenesis of 
silicosis the pathogenic response depends not 
on the solubility and circulation in the blood 
in colloidal form, but on the insolubility of the 
silica particle (5). Webb, Selle, and Thienes 
studied the increase of silica in the organs 
mentioned by quantitative analysis. They did 
not report on tissue changes. 


In 1945 Tebbens, Schulz, and Drinker re- 
ported on the potency of silica particles of dif- 
ferent size when injected intravenously into 
the ear veins of rabbits. They found that the 
livers of these animals were almost wholly re- 
placed by fibrous tissue at end of 18 months. 

It appears to be well substantiated, there- 
fore, that when finely divided silica is admin- 
istered either intravenously or into the diges- 
tive tract, it is deposited widely in the tissues. 
If this occurs in sufficient quantity or for a 
sufficiently long period of time, serious injury 
to the affected organs may result. This effect 
appears to be characteristic of a large number 
of finely divided materials possessing the 
property of piezoelectricity (6). 

Piezoelectricity is a property of certain non- 
conducting crystals which have an asymmetri- 
cal arrangement of the atoms within their 
molecules. These crystals when subjected to 
stress, such as is produced by pressure or by 
placing them in an electromagnetic field, 
undergo distortion and in the process an elec- 
tric charge is produced on their surfaces. This 
phenomenon was first described by Cady 
working with tourmaline (aluminum boron 
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silicate) but it is now known that this property 
is common to a large number of both inorganic 
and organic substances such as quartz or 
sand, sulfenite (lead molybdate), heated alu- 
minum phosphate, berlinite (aluminum ortho- 
phosphate), barium titanate, zinc beryllium 
silicate such as is used in the manufacture of 
fluorescent light bulbs, talcum powder, asbes- 
tos and cholesterol. These substances when 
introduced into any tissues of the body call 
forth a proliferative cellular response, i.e., a 
granuloma (6). 

It is conceivable that a certain organic sub- 
stance naturally occurring in the body such as 
a sterol, of which cholesterol is the parent sub- 
stance, possessing the property of piezoelec- 
tricity, rather than silica, is the offending 
agent in the production of the pathologic 
change occurring in regional enteritis. A cer- 
tain amount of credence is given to this 
thought by the reports in the literature of the 
presence in the giant cells of the so called 
asteroid bodies which take an acid fast stain, 
a characteristic of waxy and phospholipid sub- 
stances such as is the capsule of the tubercle 
bacillus. In this connection, it is interesting 
to recall the observation that ‘‘quartz, the 
tuberculous phospholipid, and_ cholesterol 
have been shown to exert a pathologic influ- 
ence which is both interchangeable and ‘sym- 
biotically’ additive when equal distribution is 
effected in similar tissue sites’’ (6). 

Most pathologists feel that although region- 
al enteritis is a clinical entity, it is not a patho- 
logic entity. A notable exception is Hadfield 
who believes that the submucous lymphoid 
hyperplasia which occurs in regional enteritis 
is the most important single pathologic feature. 
Most of the tissues examined in the course of 
this work presented that feature (Figs. 4 and 
6). The similarity between microscopic sec- 
tions taken from these tissues and those of 
human cases of regional enteritis is striking. 


SUMMARY 


1. Some clinical and experimental observa- 
tions on regional enteritis are presented. 


2. Pathologic changes similar to those of 
regional enteritis occur in experimental ani- 
mals when finely divided sand or talc is pre- 
sent in the gastrointestinal tract in sufficient 
quantity and for a sufficient length of time. 

3. Systemic effects such as granulomatous 
lesions in the liver can be produced by the 
administration of finely divided sand or talc. 

4. A theory as to the pathogenesis of re- 
gional enteritis is suggested which ascribes the 
pathologic state to the presence of ingested 
material possessing the property of piezoelec- 
tricity which produces a proliferative cellular 
response resulting in lymphatic obstruction. 
This theory relegates the factor of bacterial 
invasion of the tissues to a place of secondary 
importance. 
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NYLON ARTHROPLASTY OF THE KNEE JOINT IN 
CHRONIC ARTHRITIS 
JOHN G. KUHNS, M.D., F.A.C.S., and THEODORE A. POTTER, M.D., Boston, Massachusetts 


T is more than a century since the first 
surgical attempts were made for the cor- 
rection of ankylosis in joints. The first 
reported operations for this purpose were 

by John Rhea Barton in 1826 and by Kearny 
Rodgers in 1830. These men performed oste- 
otomies through the bone near the stiffened 
joint in an attempt to obtain pseudoarthroses. 
While many of these osteotomies or resections 
were unsuccessful they served to stimulate 
further study of the repair of ankylosed joints. 
More extensive and successful procedures were 
developed after the advent of aseptic surgery. 
Verneuil in 1863 first suggested the interposi- 
tion of soft tissues between the ends of the re- 
sected joint to prevent re-ankylosis. Muscles 
_ about the joint were first used for this purpose. 
Helferich reported a successful arthroplasty of 
the knee in 1893 in which muscle was inter- 
posed between the reshaped articular surfaces. 

Further impetus was given to these pro- 
cedures by the work of Esmarch, Ollier, Lange, 
and Kocher. In America, Murphy was the 
chief early exponent of arthroplasty with the 
use of pedunculated flaps of fat and fascia. 
In 1913 he reported 6 arthroplasties of the 
knee, but no end-results were given. McAus- 
land reported arthroplasties using fascia for 
various joints shortly after this. Large series 
of such operations were reported by Baer, 
Campbell (8), and Sampson (33) in North 
America, and by Putti, Lexer, Payr, and Hass, 
in Europe. All of these, except Baer, used 
transplants of fascia lata; Baer used chromi- 
cized pig’s bladder. While the earlier arthro- 
plastic procedures on the knee were performed 
for bony ankylosis, later attempts were made 
to apply this operation to fibrous ankylosis 
and to destruction of the knee joint. 

Many of the knees operated upon were im- 
proved, but there were many failures. Many 
voices were raised to suggest caution in the se- 
lection of cases and in the indications for 
arthroplasty. Osgood in 1913 presented 6 pa- 


tients who obtained only a few degrees of mo- 
tion after fascial arthroplasty of the knee joint. 
Dickson, and Black and Meyerding were 
others who limited more narrowly the indica- 
tions for this procedure. Sumita in 1912, after 
resection of the knee joint in dogs, found that 
transplanted fascia underwent fibrous de- 
generation and that a series of small bursal 
cavities were formed which frequently per- 
mitted a fairly wide range of motion. In 1915 
Allison and Brooks reported their careful and 
extensive experimental studies on arthroplasty 
in dogs. Using pedunculated and free trans- 
plants of fascia lata, and also fascia impreg- 
nated with silver nitrate, they found that the 
transplanted fascia could not be identified 
after 60 days. They suggested that the ideal 
substance for interposition in arthroplasty 
would be an absorbable material which would 
cause no irritation and which would persist 
until the active production of granulation 
tissue had ceased. These studies were long be- 
fore the appearance of nonirritating metals 
and of plastics. 

Most of the surgeons with experience in ar- 
throplasty of the knee suggested as the ideal 
type of case, a patient before middle age with 
no inflammation in the stiffened joint, a joint 
in full extension with fairly good musculature 
and with noninvolvement of other articula- 
tions. The most favorable response to arthro- 
plasty was seen after healed trauma or after 
the subsidence of pyogenic infection (7). Such 
conditions are never found in chroi.ic arthritis. 
In rheumatoid arthritis a single ankylosis of 
the knee joint in extension is never considered 
a serious disability. The arthritic patient who 
would benefit most from arthroplasty of the 
knee often has multiple ankyloses with serious 
impairment in many joints. 

Most of the proponents of arthroplasty have 
advised against the use of this operation in the 
presence of chronic arthritis, citing their own 
failures (34). There are a number of reasons 
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for this. The chief reason is that all supporting 
tissues are involved in the pathological 
changes (36). The arthritis has usually been 
of long duration producing atrophy of the 
bones with cystic degeneration, and wasting 
and weakness of the musculature. The fascia 
is always a defective tissue in rheumatoid ar- 
thritis. It is found to be thin, friable, and de- 
ficient in collagen fibers. For these reasons it 
is a poor material for interposition in arthro- 
plasty. It disappears rapidly when used in 
weight-bearing joints. The general condition 
of the patient is often poor and exacerbations 
in the disease may occur postoperatively un- 
less the patient has been prepared carefully 
for the operation. 

The results at the Robert B. Brigham 
Hospital in arthroplasty of the knee with the 
use of fascia lata in rheumatoid arthritis have 
been similar to the results reported from other 
clinics. In a review of 12 arthroplasties per- 
formed for the relief of bony ankylosis in 
rheumatoid arthritis before 1935, we found 
that all had become ankylosed again or had 
resulted in only a few degrees of motion which 
was of no practical value (20). This discour- 
aged us from attempting any more arthro- 
plasties in knees until the appearance of more 
durable material for interposition between the 
articular surfaces. Attempts to use metal as 
an inlay have raised a number of problems 
which have not yet been solved (9). The knee 
joint varies more in size and in contour than 
any other joint. A mold cannot be obtained 
which will fit the varying articular surfaces, 
nor can the mold be adapted to the shape of 
the joint. A nonoxidizing metallic substance 
which is malleable to a limited degree and 
which can be cut with the shears would be de- 
sirable. The experimental studies of Hudack 
in replacing the entire articular surface at the 
elbow and hip joints, are being followed with 
great interest. 

In our search for a durable nonirritating ma- 
terial for interposition between the reshaped 
articular surfaces of the knee in arthritis, we 
sought aid from the research department of a 
plastic manufacturer. They provided us with 
sheets of thin plastics of six types—polythene, 
butacite, pliofilm, ethocel, and two types of 
nylon membrane. A small piece of each of 
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these materials was sterilized and placed within 
the rectus sheath of white rats. When these 
rats were sacrificed in 1 month at the com- 
pletion of other experiments the reactions of 
the tissues to the various plastics were studied. 
None of these substances produced a great 
amount of irritation within the rectus sheath. 
Those which were highly plasticized such as 
ethocel and pliofilm produced the greatest 
fibrous tissue response. No observable evi- 
dence of irritation was found with nylon mem- 
brane. Small pieces of nylon membrane were 
then attached to the under surface of the de- 
nuded patella in rabbits. After recovery from 
the operation, these rabbits seemed to move 
normally and at necropsy showed no evident 
reaction to the presence of the nylon. After 
methods of attaching the nylon membrane to 
the articular surface at the knee joint were 
studied this material was used in arthroplasties 
on patients whose knees had been stiffened by 
chronic arthritis. 

Nylon is the trade name of a synthetic base 
for rayon. It was discovered in 1928. It is 
composed of thermoplastic, long chain super 
polyamides and is formed by the polymeriza- 
tion of coal, air, and water. It has high 
strength and elasticity. Its chief commercial 
use is in the production of tough, fine threads 
from which fabrics can be woven. Nylon 
thread has been used in surgery for at least 10 
years and a number of reports has attested its 
lack of irritation in the tissues (26). Ingra- 
ham and his co-workers have reported the use 
of nylon in the repair of defects in neuro- 
surgery. Burman, in 1943, used nylon fabric 
as an interposition in the carpometacarpal 
joint. Cellophane, a chemically similar, but 
much weaker material, has been used about 
tendons by Harley and Breck, and in the 
quadriceps pouch after synovectomy by 
McKeever. 

Nylon is thermolabile, but is resistant to 
chemicals and to moisture. It causes no re- 
action in the tissues so far as can be deter- 
mined. Instances of hypersensitivity to nylon 
have been reported, but we have never ob- 
served this. The nylon membrane which we 
have used is manufactured in strips 12 inches 
wide and is .oo05 of an inch in thickness. It is 
tough and moderately elastic. It cannot be 
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sterilized by heat. It is most easily sterilized 
by immersion in a 1:1000 solution of mercuric 
chloride for 12 hours. This immersion pro- 
duces a slight blue color, but no other change 
in the nylon. Before use it is placed in cold 
normal saline solution for at least an hour to 
remove the mercuric chloride as far as possible. 

In planning a simple procedure for reshap- 
ing the knee joint we reviewed all the pre- 
vious attempts. The least complicated of 
these was that described by Payr (29) and em- 
ployed by Putti. As Hass has stated, a 
physiologic, rather than an anatomic joint, is 
produced. The knee joint is the most complex 
of all of the joints of the body consisting of the 
tibiofemoral joint, a double condyloid joint, 
and the patellofemoral joint, an arthrodial 
joint. The femur in moving over the tibial 
plateau does not normally describe a true arc 
of a circle, but forms a paraboloid, the move- 
ment describing more nearly the arc of a circle 
in full flexion, and a slightly curved plane as 
full extension is approached. 

All of the early surgeons in performing ar- 
throplasties did not attempt to reshape the 
original contour of the knee joint. As they 
gained experience they found that the re- 
shaped articular surfaces changed greatly with 
stress and function. In chronic arthritis we 
have found that the atrophied bone is com- 
pressed under pressure; the bone ends be- 
coming flattened after long use. The chief 
features of the procedure are shown in Figure 
1. Along, medial parapatellar incision is made 
which is carried in turn through the fascia, 
capsule, and synovial membrane. In the com- 
pletely stiffened knee the various structures 
are identified with difficulty. The capsule and 
synovial membrane may be partially calcified 
and may be adherent to the bone. The 
patella is usually fused to the femur and must 
be freed in order to permit lateral retraction 
of the articular capsule. This exposes the 
front portion of the joint. In almost all cases 
a tedious dissection of the adherent capsular 
structures is necessary at sides of femoral 
condyle. The tibial and fibular collateral lig- 
aments are spared to preserve lateral stability. 

Usually the intra-articular ligaments and 
semilunar cartilages are degenerated ; these are 
removed completely. An osteotomy is per- 
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Fig. 1. Operative procedure. 


formed through the remains of the joint line. 
By flexing the knee the posterior parts of the 
femoral condyles and of the tibia are exposed. 
The lower end of the femur is fashioned from 
side to side into a rounded wedge. A shallow 
groove is formed in the tibial plateau to fit the 
lower end of the femur. About 1 inch of the 
joint is resected to permit unobstructed mo- 
tion. The knee is extended to determine the 
fit of the newly formed articular surfaces. All 
roughened areas are made smooth with a rasp. 

The intercondylar notch is deepened for 
the patella. The patella is usually irregular 
and overgrown; it must be made thin and 
smooth on its under surface. We believe that 
better function occurs if the patella is not re- 
moved (15). The sterilized nylon membrane 
is then fitted and sewed over the lower end of 
the femur. It can be attached most easily if it 
is sewed first to the oblique popliteal ligament 
and the popliteal portion of the articular cap- 
sule. Multiple sutures of fine silk or nylon are 
then placed at the two sides of the femoral 
condyles. The nylon is pleated to fit snugly 
over the bone and is carried over the supra- 
condylar area. This prevents the later forma- 
tion of adhesions in this area. Since the nylon 
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TABLE I.—BONY ANKYLOSIS 


Case 
sex, age 


Preoperative | Postoperative 
Date Diagnosis Knee position— position— Remarks 
degrees degrees 


Jan. 1944 | Rheumatoid Right 
-2 


170 180- 90 Quadriceps lengthened 


2. TBF. Oct. 1944 | Rheumatoid Right 165 ° Quadriceps slough 
M—30 Previous ar- 
throplasty 
3 BS. Sept. 1945 | Rheumatoid Left 160 180- 85 Quadriceps lengthened 
M—22 Previous 


arthroplasty 


. BS, 
F-46 


Apr. 1946 | Rheumatoid Left 


170 170-155 No pain 


5. B.B. June 1946 | Rheumatoid Left 
F—30 


160 180- 80 Quadriceps lengthened 


. LM. 
F—22 


May 10947 | Rheumatoid Right 


175 180-110 No pain 


7. J.A. July 1948 | Pyogenic Right 175 175-170 Reoperation Mar. 19490 
M—20 180°-135°—no pain 
8. L.M. Sept. 1948 | Rheumatoid Left 180 180-130 Quadriceps hemorrhage 


F—24 


9. -. Oct. 1948 | Rheumatoid Left 


150 180-120 No pain 


10. E.G. Oct. 1949 | Rheumatoid Right 


150 180-100 No pain 


11. M.O. 
F—s1 


Nov. 1949 | Rheumatoid Right 


180- 95 Walking with cylinder 


12. WSS. 
F—54 


Rheumatoid 


Dec. 1949 Left 


180- 95 Walking with cylinder 


melts with heat, the pleats or folds can be 
made flat and smooth with the use of the 
electrocautery. Care must be taken to prevent 
burning holes in the nylon. 

Before the joint is closed all bleeding points 
are either tied or cauterized. No tourniquet is 
used during the operation. In most instances 
bleeding can be controlled satisfactorily 
throughout the operation with the electro- 
cautery, ligatures being used only for the 
larger vessels of the periarticular circulation. 
The articular capsule, fascia, subcutaneous tis- 
sue, and skin are then sutured with inter- 
rupted sutures of fine silk or nylon. A pressure 
dressing and many layers of sheet cotton are 
applied, extending from ankle to groin. The 
patients seem to be more comfortable in 
this type of dressing than in a plaster cast. 

In the first 6 patients, the knees were anky- 
losed in extension and we believe that it was 
necessary to lengthen the rectus femoris ten- 
don in order to permit adequate flexion of the 
knee joint. This lengthening of the rectus 
femoris tendon was performed as described by 
Bennett. While most of these lengthenings 
have healed satisfactorily, we have come to 


realize that this is an unnecessary procedure. 
If resection of the articular surfaces does not 
permit go degrees of motion in flexion at the 
knee joint, upward dissection of the quadri- 
ceps apparatus with section of the attach- 
ments of the vastus muscles to the rectus 
tendon as described by Thompson will always 
permit sufficient relaxation of the extensor 
muscles. Gentle stretching of the knee into 
flexion at the time of operation has been 
sufficient to secure go degrees of motion. 
Following the operation the leg is kept ele- 
vated on pillows for 48 hours. Transfusions of 
blood are usually given postoperatively. Peni- 
cillin is also given as a prophylactic measure. 
Unless there is a special reason for inspec- 
tion, the dressings are not changed for 5 or 6 
days. Muscle setting exercises in the flexor 
and extensor muscles of the knee joint are be- 
gun before the end of the first postoperative 
week. Active exercises with an elastic over- 
head cuff are begun in 10 days (38). Move- 
ment against gravity is begun as soon as the 
wound is completely healed. Weight-bearing 
is started in 3 weeks in a bivalved plaster cyl- 
inder. Under-water exercises and later exer- 
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Fig. 2a. Fig. 2b. 


cises on a treadle or stationary bicycle are 
given. Resistance exercises are given as 
strength returns in the extensor muscles (10). 
If there is much muscular and bony atrophy, 
weight-bearing may be delayed for as long as 
2 months. Support to the knee with a caliper 
or plaster cylinder is usually required for at 
least 4 months and then a bandage only is 
used until full strength returns. The recovery 
of good muscular function usually requires 9 
to 12 months. 

In presenting the cases we have operated 
upon we are giving the function of the knee 
joint before operation and at the present time. 
We do not know when an arthroplasty of the 
knee in chronic arthritis can be considered an 
end-result. Most of these patients have ob- 
tained good function with no pain in about 6 
months. For an indefinite period thereafter 
we have noticed in many instances a contin- 
uous gain both in strength and in motion. 

We have performed this operation on 25 
knees. Several of these have been observed 


Fig. 2c. 


Fig. 2. a, Roentgenogram of right knee showing bony 
ankylosis of patella, femur and tibia. b, Roentgenogram 
of right knee 2 months postoperative showing molding of 
articular surfaces. c, Composite photograph 5 years after 
operation showing flexion and extension of the right knee 
at the present time. 


over 5 years. In 12 knees, bony ankylosis was 
present and in 13 there were fibrous adhesions 
with very limited painful motion and with de- 
struction of the articular surfaces. The op- 
erations performed upon the patients with 
bony ankylosis are summarized in Table I. All 
but one had rheumatoid arthritis. One fol- 
lowed apyogenicarthritis. In theearlier treat- 
ment of the arthritis the knees had been kept 
relatively straight. None of the knees, except 
one, presented any serious flexion deformity. 
All but 2 were relatively young adults. 


CASES WITH BONY ANKYLOSIS 


CAsE 1. Patient was a stenographer who had had 
rheumatoid arthritis for 12 years. Both knees had 
been ankylosed for 4 years. Nylon arthroplasty of 
right knee was done January 1944. Postoperative 
convalescence was uneventful except for pain in the 
right heel which disappeared in 3 months. Nylon 
arthroplasty of left knee was done in June, 1946 
(Case 5). Patient is now a saleswoman, stands 4 
hours a day and can walk % mile. Both hips show 
arthritic involvement. Patient walks with use of one 


Fig. 3c. 


Fig. 3. a, Roentgenogram of left knee showing bony 
ankylosis with deformity of patella. b, Roentgenogram of 
left knee 314 years after operation showing remolding of 
articulation with use. c, Composite photograph of active 
flexion and extension in left knee at the present time. 
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is arranged in a flat layer of tissue beneath the nylon. 


//. Knees are stable and have no pain (Fig. 
2). 
CAsE 2. Patient had suffered from Juvenile 
rheumatoid arthritis, 20 years before and had never 
worked. One previous fascial arthroplasty with re- 
ankylosis had been performed. Nylon arthroplasty 
of right knee was done in October, 1944. The rectus 
tendon was lengthened with the result that blood 
supply was impaired and the tendon sloughed. Joint 
was re-ankylosed. 

CASE 3. Patient had had juvenile rheumatoid ar- 
thritis 15 years before. He was a commercial artist. 
One previous fascial arthroplasty with re-ankylosis 
had been done. Nylon arthroplasty, left knee, was 
done in September, 1945. The rectus tendon was 
lengthened. The knee joint was stable and painless. 
He walks with cane because of arthritic damage to 
the hips and ankles. He can walk 1 mile. (Fig. 3). 

CasE 4. Patient, a housewife, had rheumatoid ar- 
thritis of 6 years’ duration with ankylosis of the left 
hip and knee. Cup arthroplasty of left hip was done 
3 years before. Nylon arthroplasty of left knee was 
carried out in April, 1946. Extensive periarticular 
adhesions were present. Motion was painless, but 
very limited. She is a seamstress and works all day, 
goes to work on street car. 

CasE 6. This patient, a schoolgirl, had juvenile 
rheumatoid arthritis of 10 years’ duration. Ankylo- 
sis of hips, knees, and ankles was present. In October, 
1946, a cup arthroplasty of right hip was carried out. 
In May, 1947, nylon arthroplasty of right knee was 
done and the rectus tendon was lengthened. In 
October, 1947, a cup arthroplasty of left hip was 
done. In September 1948 nylon arthroplasty of left 
knee (Case 8) was done. The rectus tendon was 
lengthened. There was a subfascial hemorrhage. 
Patient now doing light housework, walks without 
support and knees are stable and painless. 

CasE 7. This schoolboy had a staphylococcus in- 
fection of the right knee 6 years before, with anky- 
losis. Nylon arthroplasty of right knee was done in 


July, 1948. Motion was very limited and painful. 
In March, 1949, arthrotomy was done. The nylon 
had pulled loose from popliteal attachment. The ar- 
ticular surfaces were smooth under the nylon re- 
sembling fibrocartilage. Motion was increasing. 
The knee is stable and painless (Fig. 4). 

CasE 9. This schoolgirl had juvenile rheumatoid 
arthritis of 9 years’ duration, with ankylosis of hips, 
knees, and elbows. Fascial arthroplasty of right 
elbow was done in May, 1948. Fascial arthroplasty 
of left elbow was done in June, 1948. Nylon arthro- 
plasty of the left knee was done in October, 1948. 
She had a severe transfusion reaction; usual cross- 
matching was satisfactory, but a rare hemolyzing 
factor caused temporary anuria through plugging of 
the renal tubules. Motion in the knee is increasing 
and is painless. Walking is greatly handicapped by 
ankylosis of other joints. 

CASE 10. This patient, a housewife, had rheuma- 
toid arthritis of 20 years’ duration, with ankylosis of 
right knee in flexion. Nylon arthroplasty was done 
in October, 1949. Patient is now walking with cane 
and doing all of her housework. Motion is increasing. 

CASE 11. Patient has been in a wheel-chair for 25 
years, suffering from rheumatoid arthritis of 30 
years’ duration. Both knees were flexed to 85 de- 
grees. Posterior capsuloplasty of left knee was done 
in September, 1949. Nylon arthroplasty of right 
knee was done in November 1949. Patient is walk- 
ing in plaster cylinder and has no pain (Fig. 5). 

CASE 12. This housewife had rheumatoid arthritis 
of 30 years’ duration. Both knees were ankylosed in 
flexion and external rotation. Nylon arthroplasty of 
left knee was done in December, 1949. Patient is 
walking in plaster cylinder, no pain. 

In the treatment of patients with bony anky- 
losis several possible complications should be 
emphasized. Lengthening of the extensor ap- 
paratus at the knee is unnecessary and may 
lead to hemorrhage or to sloughing of the 
tendon. Ankylosis in flexion was formerly con- 
sidered unsuitable for arthroplasty unless 
osteotomy to produce extension had been per- 
formed previously. Arthroplasty on a knee 
ankylosed in marked flexion is not difficult if 
the articular surfaces are resected widely and 
the articular capsule is dissected from the 
posterior articular margins. The nylon mem- 
brane must be sutured securely over the femo- 
ral condyles and over the full extent of the 
quadriceps space. It should be attached to the 
periosteum when this is possible. The nylon 
will roll if the sutures become detached. This 
will lead to pain, swelling, muscular spasm and 
to extensive proliferation about the detached 
nylon. If the gliding surface beneath the 
quadriceps tendon is not completely covered 


ee Fig. 4. Photomicrograph of tissue removed from the side 
Petes of the femoral condyle in Case 7 at arthrotomy 8 months ! 
i after arthroplasty. There is no inflammatory response to 
ee the nylon, a fold of which is shown. The connective tissue 
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Fig. 5. a, Roentgenogram showing bony ankylosis of 
right knee at 85 degrees. Articular cartilage of femur has 
migrated since arthritis began in youth. b, Roentgenogram 


adhesions will form which will limit motion. 
When many joints are ankylosed, the more 
proximal ones should be operated upon first. 
More rapid recovery of function occurs if hip 
joint is made movable before the knee joint. 

Arthroplastic procedures are of value in a 
number of pathological conditions besides 
bony ankylosis. In a fairly large number of 
patients suffering from rheumatoid arthritis 
and from osteoarthritis the end-result is not 
ankylosis, but destruction of the joint. Often 
intra-articular adhesions can produce greater 
disability than bone ankylosis. These knee 
joints can be helped greatly by arthroplasty. 
In the past 6 years we have operated upon 13 
knee joints which were destroyed, but not an- 
kylosed, having a few degrees of very painful 
motion. In the treatment of these knees there 
are two surgical procedures available: ar- 
throdesis—the older procedure which, if suc- 
cessful, produces a stiff, painless knee; and 
arthroplasty which, in our experience produces 
a movable, painless knee. Our patients have 
all preferred arthroplasty. . 

Table II outlines the preoperative and the 
postoperative condition of the arthritic pa- 
tients with destroyed knee joints. 


CASES WITH DESTROYED KNEE JOINTS 


Case 1. A housewife had rheumatoid arthritis in 
knees and hips of 6 years’ duration. There was ex- 
tensive swelling about the right knee with 10 degrees 
of painful motion. Flexion deformity was prevented 
by plaster cast. Nylon arthroplasty with synovec- 
tomy was performed on the right knee in October, 
1945. Cartilage was entirely destroyed on femoral 
and tibial surfaces. The knee has remained painless 


of right knee 3 months after yan: apes c, Composite 
photograph of active motion 2 months after arthroplasty. 
This motion will increase in the next 6 months. 


and of normal size. There have been two exacerba- 
tions of arthritis, but no further symptoms in the 
right knee. She is doing all of her housework. 

CasE 2. This patient, a janitor, had rheumatoid 
arthritis of 12 years’ duration with extensive swell- 
ing, pain, and flexion deformity of the left knee. 
Nylon arthroplasty was performed on the left knee 
in July, 1947. There were many fibrous adhesions. 
The knee joint was completely destroyed. There was 
drainage from the outer side of the knee until a small 
piece of loose bone was removed, then the sinus 
healed promptly. Patient is now a bookkeeper, 
walking % mile to and from work daily. 

CAsE 3. This patient, on relief, had suffered for 
past 10 years with rheumatoid arthritis with crepitus, 
locking, and very painful motion in the left knee. He 
had had two previous operations for removal of 
loose bodies from the left knee. Nylon arthroplasty 
was performed on the left knee in February, 1948. 
Numerous loose bodies were removed together with 
a thickened synovial membrane; articular surfaces 
were eroded and extremely irregular. Patient now 
works in a lunch room; can walk several miles; has no 
pain in left knee. 

CasE 4. A nurse had suffered for 6 years with 
rheumatoid arthritis with severe involvement of 
knees and elbows. She was unable to work for the 
past 2 years. The right knee was markedly swollen. 
All motion was painful. Nylon arthroplasty, with 
synovectomy, was performed on right knee in March, 
1948. The articular cartilages were destroyed. 
Patient is now walking without pain; uses no sup- 
port. She is doing part-time nursing (Fig. 6). 

CasE 5. A schoolgirl had severely damaged 
elbows, hands, hips, knees, and ankles as a result of 
juvenile rheumatoid arthritis of 4 years’ duration. 
Previous correction had been done of flexion de- 
formities of knees. Motion was painful and markedly 
restricted in the right knee. Nylon arthroplasty was 
performed on right knee in May, 1948. Patient is 
walking without pain. She has had an exacerbation 
of the arthritis, but no involvement of the right knee. 

CasE 6. A mill worker suffered from a suppurative 
arthritis of the right knee following a fall at the age 
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TABLE II.—FIBROUS ADHESIONS, DESTRUCTION OF JOINT 


Preoperative | Postoperative 
<okcane Date Diagnosis Knee motion— motion— Remarks 

» a8 degrees degrees 

Oct. 1945 | Rheumatoid Right 180-170 170-100 No pain 

2. a July 1947. | Rheumatoid Left 150-130 170-110 Temporary sinus 

3 2S. Feb. 1948 | Rheumatoid Left 180-170 180-120 Slight pain 

M—64 

4. Mar. 1948 | Rheumatoid Right 180-100 180- 75 No pain 

s. =. May 1048 | Rheumatoid Right 160-150 175- 85 No pain 
—1 

6. a. Dec. 1948 | Pyogenic Right 170-160 180-140 Pain 
—2 

7. i Jan. 1949 | Rheumatoid Right 165- 95 180- 85 No pain 
—47 

8. as Feb. 1949 | Rheumatoid - Left 160-130 180- 95 No pain 

9. ey. Apr. 1949 | Osteoarthritis Left 170- 95 180- 80 No pain 

10. 7. May 1949 | Rheumatoid Left 155-130 180-110 No pain 

La is ‘ Sept. 1949 | Rheumatoid Left 170-100 180-110 No pain 
—4 

12. =. Nov. 1949 | Osteoarthritis Left 170-155 180- 90 No pain 

3; a. Dec. 1949 | Osteoarthritis Right 170- 95 180- 90 Slight pain 
—44 


of 9 years. He had limited, painful motion due te 
intra-articular adhesions. Nylon arthroplasty was 
performed upon the right knee in December, 1948. 
Patient did not co-operate in exercising his knee. 
Adhesions developed about the knee. Motion 
slowly increased. He has returned to mill work, has 
no pain. Manipulation of knee was advised. 

Case 7. A truck driver had rheumatoid arthritis 
of all major joints of 8 years’ duration. He had not 
worked for the past 3 years. Both knees were swollen 
and painful with extensive crepitus. He could not 
walk. Nylon arthroplasty with synovectomy was 
performed on the right knee in January, 1949. The 
articular cartilages were destroyed and there were 
many intra-articular adhesions. Postoperative course 
was uneventful. He returned to work as an up- 
holsterer March, 19409 (Fig. 7). He had good function, 
no pain in right knee. September, 1949, nylon ar- 
throplasty was performed on the left knee (Case 11). 
He walks with support. 

Case 8. A shoe factory worker had rheumatoid ar- 
thritis of 10 years’ duration. Flexion deformity of 
both knees had been corrected previously. He had a 
severe deformity of both feet. The left knee was 
markedly swollen. Motion and weight-bearing were 
very painful. Nylon arthroplasty of left knee, with 
synovectomy, was performed in February, 1949. 
The semilunar cartilages were found to be degener- 
ated and detached, the synovial tissues very much 
thickened, the articular cartilages destroyed. He re- 
turned to work August, 1949. He is now working as 


a stock clerk, has no pain and good function in 
left knee. 

CasE 9. A housewife had congenital dislocation of 
the left patella. Two previous operations had been 
formed to correct this deformity without success. 
Extensive osteoarthritis was present. All motion 
was very painful. In April, 1949, a nylon arthro- 
plasty was performed on the left knee with Gold- 
thwait operation for dislocated patella. Convales- 
cence was slow. She returned to housework in 3 
months, is now walking without support, has no 
pain, knee is stable, the patella has been corrected. 
She does all of her housework and shopping (Fig. 8). 

CasE 10. A housewife suffered from rheumatoid 
arthritis for 20 years. She had been in a wheel-chair 
for the past 3 years. Flexion deformity of both knees 
was corrected with plaster casts. The left knee re- 
mained swollen and very painful. Nylon arthro- 
plasty, with synovectomy, was performed on the 
left knee in May, 1949. The menisci were destroyed, 
the synovial tissue thickened, the articular cartilages 
covered with panus and adhesions. Recovery was 
slow; patient was not co-operative in doing exercises. 
She can walk without pain. The muscles about the 
knee are still weak. 

CASE 12. This patient, a secretary, 15 years pre- 
viously had had an articular fracture with comminu- 
tion of the tibial plateau of the left knee. There had 
been a gradual development of severe osteoarthritis. 
Three years before, loose bodies together with bony 
spurs had been removed from the left knee. She had 
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Fig. 6a. Fig. 6b. 

had very little relief. Nylon arthroplasty of the left 
knee was performed in November, 1949. There was 
very rapid recovery of motion and strength. She 
can walk 1 mile without pain. 

CasE 13. A toolmaker had injured the menisci of 
the right knee, 25 years ago. He had fractured the 
articular surface of the right tibia 3 years ago. 
Marked osteoarthritis was present. Nylon arthro- 
plasty was performed on the right knee in December, 
1949. Convalescence was rapid. He is walking in 
cylinder, without pain. 


Operation on those joints which had re- 
tained a little motion was easier technically 
than the operations on the joints with bony 
ankylosis. The articular structures were de- 
fined more readily. Less reshaping of the ar- 
ticular surfaces was usually required. In all 
of these patients there was extreme degenera- 
tion of the intra-articular fibrocartilages and 


Fig. 7a. 


Fig. 7b. 


Fig. 7. a, Roentgenogram of right knee before operation 
showing synovial thickening, destruction of articular sur- 
faces and bony proliferation. b, Roentgenogram of right 
knee 2 months after operation. c, Composite photograph of 
active motion in right knee 9 months after operation. 


Fig. 6c. 


Fig. 6. a, Roentgenogram of right knee before operation. 
There is extensive synovial thickening. The articular sur- 
faces are destroyed; joint continuity maintained, b, Roent- 
genogram 1 year after operation. The bone is denser. The 
articular surfaces are remolded. c, Composite photograph 
of active motion 1 year after operation. 


cruciate ligaments. In a few patients these 
structures were extremely friable and in most 
instances were detached, adding to the de- 
rangement of the knee joint. The synovial 
membrane was usually tremendously hyper- 
trophied. All of these pathological changes 
had to be corrected at operation. The post- 
operative course of these patients was usually 
more rapid and recovery of strength in the 
muscles about the knee occurred more quickly. 
These patients had greater muscular power 
and less atrophy of the muscles than the pa- 
tients with bony ankylosis. In a few patients 
who were fearful of pain or un-cooperative, re- 
covery has been slow, but function in each 
case has returned commensurate with their 


Fig. 7c. 
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Fig. 8a. : Fig. 8b. 


Fig. 8d. 


Fig. 8. Anteroposterior roentgenogram of left knee con- 
genital dislocation of patella and extensive osteoarthritis. 
b, Lateral view of left knee. c, Left knee 1 month after 
operation. Patella in normal position; remolding of articu- 
lar surfaces and removal of bony proliferation. d, Com- 
posite photograph of active motion 9 months after op- 
eration. 


efforts. All of these knees are painless. In 
osteoarthritis with severe articular damage 
our experience with articular débridement 
alone has been discouraging. These patients 
have continued to complain of pain and con- 
tinuous support to the knee has been required. 
We have been hesitant to perform arthro- 
plasty in patients over 60 years of age. In our 
series the few patients with osteoarthritis who 
have had arthroplasty of the knee joint per- 
formed have painless motion. We believe that 
the operative procedure has a wider applica- 
tion in severe osteoarthritis. 


DISCUSSION 


Arthroplasty of the knee is always an op- 
eration of election; there are no didactic indi- 


Fig. 8c. 


cations for it. As in any other operative pro- 
cedure in the presence chronic arthritis the 
disease should be quiescent clinically. Activi- 
ty of the arthritis is sometimes confused with 
mechanical irritation of the joint. Other joints 
with arthritis should show no heat, swelling, 
or pain on motion. The patient should be co- 
operative and well adjusted mentally. The 
surgeon should have a definite plan for re- 
habilitation when many joints are involved. 
Usually the upper extremities should be mo- 
bilized before the lower extremities and the 
more proximal joints before the more distal 
ones. In the poorer patient, sufficient funds 
should be available for adequate preoperative 
preparation of the patient and for the pro- 
longed after-care. Only in this way can a good 
functional result be assured. 

The condition of the knee is studied in each 
case and arthroplasty is advised if it seems to 
offer a better chance for function and less dis- 
ability than a stiff knee or the continued wear- 
ing of apparatus. It (arthroplasty) is not a 
procedure for all ankylosed or destroyed joints. 
It does not produce a normal articulation but 
usually a painless one with a good range of 
motion. 

From our limited experience we are of the 
opinion that nylon arthroplasty is indicated in 
the following conditions. 

1. Bony ankylosis of the knee in the pres- 
ence of quiescent arthritis when the hip joints 
have a fair range of motion. If the hips are 
also ankylosed they should be made movable 
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before operation is contemplated on the knee 
joint. When both knees are ankylosed they 
can both be operated upon, but at least 2 

. years should elapse before the second knee is 
operated upon. In this way almost normal 
strength will be present in the first knee which 
is usually severely taxed when the patient be- 
gins to walk after the second operation. 

2. In destroyed joints which will not permit 
painless weight-bearing with support. The 
articular damage is always much more severe 
than clinical and x-ray examinations suggest. 
In a number of these joints the operative pro- 
cedure contemplated was synovectomy or re- 
moval of spurs. In all instances panus, 
erosions of articular cartilages, very irregular 
articular surfaces and widespread intra-ar- 
ticular adhesions have left no other satisfactory 
surgical procedure than nylon arthroplasty. 

3. In severe osteoarthritis, primary or sec- 
ondary, which has not responded to conserva- 
tive orthopedic measures. To date we have 
reserved this procedure for patients under 60 
years of age who are in excellent physical con- 
dition. .Our work on this problem has been re- 
stricted to a hospital devoted to chronic ar- 
thritis and we hesitate to offer any indication 
for arthroplasty as a primary procedure after 
acute trauma. 

As contraindications to this procedure we 
should mention first the presence of active ar- 
thritis or infection. The arthritis should be 
clinically inactive for at least 1 year before 
operation is attempted. No arthroplasty 
should be performed if the general condition of 
the patient will not readily withstand such an 
ordeal. In children with juvenile rheumatoid 
arthritis an arthroplasty should not be per- 
formed until closure of the epiphyses about 
the stiffened joint. An operation performed on 
actively growing epiphyses will shorten the 
limb considerably. At operation the simplest 
resection of the joint compatible with good 
function should be used. Usually about 1 inch 
should be resected from the bone ends. The 
femoral end should be well rounded to move 
easily in the newly formed shallow tibial 
trough. The nylon must cover all rough sur- 
faces on the femoral side in order to prevent 
adhesions. Only a small flat portion of the 
patella is left. The postoperative period is the 
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most important since motion is dependent up- 
on the prevention of adhesions and upon mus- 
cular strength. Transfusions are used rou- 
tinely, to prevent postoperative shock, to 
hasten postoperative healing, and often to 
lessen recurrence of the arthritis. Antibiotics 
have prevented almost entirely postoperative 
infection, one of the commonest early causes 
of failure. Usually 300,000 units of crysticillin 
penicillin are given two to three times daily 
for 5 days. 

Earlier use of physiotherapy with more 
vigorous exercises after wound healing has 
brought about earlier and more complete re- 
covery of function. Muscle setting exercises 
are begun in 5 days and assisted exercise in 1 
week. The judgment of what to expect after 
arthroplasty has changed little since the be- 
ginning of the century when Payr stated that 
stability, absence of pain and at least 60 de- 
grees of motion could be considered as a good 
end-result. In a recent review Speed and 
Trout suggested that 70 degrees of motion was 
the most desirable amount and made for the 
greatest endurance and stability. Many of 
our patients have go degrees of motion, all of 
them are stable and none over 1 year post- 
operative require any support. 

The changes which occur in the knees after 
nylon arthroplasty have been observed by 
serial roentgenograms and by later arthrotomy 
on 3 cases. The changes are similar to those 
reported by Campbell after fascial arthro- 
plasties, but probably occur more rapidly with 
nylon. There is very little postoperative ef- 
fusion. The bony outlines can be palpated at 
all times postoperatively. There is rarely any 
evidence of hemarthrosis. Aspiration of these 
articular cavities in the early postoperative 
period have shown clear straw colored fluids 
with the cellular constituents of normal syno- 
vial fluid. With walking, in the patients with 
severe atrophy of bone, there has been a little 
flattening of the lower end of the femur. This 
as far as we can determine, has not interferred 
with articular function. Within a few weeks 
the articular surfaces move without crepitus 
suggesting that the soft tissues become ad- 
justed to the nylon very quickly. Within 4 
months the moving articular surfaces become 
covered with a firm, flat layer of fibrous tissue 
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which in the following months becomes hard 
and elastic, resembling fibrocartilage. The 
soft tissues adjacent to the nylon undergo mild 
proliferative changes; the tissue is soft and 
elastic and is probably normal, new formed 
synovial membrane. 

After these modifications the joint remains 
unchanged. 

SUMMARY 

From this group of patients we have learned 
that a useful range of painless motion can be 
obtained in knees ankylosed or destroyed by 
chronic arthritis. Knees with fibrous ad- 
hesions and severe interarticular derangement 
function better with nylon interposition than 
with simple synovectomy and débridement 
alone. No extensive reshaping of the articular 
surfaces is desirable. It is never necessary to 
lengthen the quadriceps tendon in order to se- 
cure flexion. The nylon membrane which is 
interposed should be carried over the edges of 
the femoral condyles and over the full extent 
of the quadriceps pouch to prevent the forma- 
tion of adhesions. The postoperative care with 
the prevention of complications and the early 
and prolonged use of physical therapy are 
essential to the success of this procedure. 
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EVALUATION OF CURRENT 
TESTS OF HEPATIC FUNCTION 


URING the past twenty years the 
tests devised and proposed for the 
study of hepatic function have been 

very numerous, and new ones are added with 
great regularity. The multiplicity of these 
tests indicates clearly that none is uniformly 
satisfactory. Obviously, in view of the many 
functions of the liver and its great capacity 
for recovery, it is not likely that all its func- 
tions are measured with any one test. How- 
ever, many physicians now are fully convinced 
that the diagnosis of hepatic disease and the 
differential diagnosis of jaundice is simply a 
matter of performing several tests of hepatic 
function. At times these procedures have 
tended to detract from the time-honored and 
fully-tested study of the jaundiced patient. 
Physicians and surgeons should be inter- 
ested in tests of hepatic function for two 
primary reasons. First, these tests aid in esti- 
mating the general state of the organ when the 
history and physical findings are not diag- 


nostic; second, they aid in the differential 
diagnosis between medical and surgical jaun- 
ice. 

During the war years the most extensive 
epidemic of infectious hepatitis on record 
swept this continent and left in its wake a 
number of important sequelae. One was the 
increase in the number of persons affected 
by the more serious and even fatal forms of 
hepatitis. Another problem concerned the 
transmission of viral hepatitis by the use of 
blood, blood products, and even contaminated 
syringes and needles. This form of hepatitis 
has been accompanied by a mortality rate 
many times that of infectious hepatitis. The 
differential diagnosis of these medical types of 
jaundice, therefore, has become a matter of 
unusual importance, particularly to the sur- 
geon, since surgical intervention in such cases 
often is attended by hepatic insufficiency and 
death. 

It is the general opinion of all who have had 
much experience in the care of patients with 
hepatic disease that determinations of serum 
bilirubin and fecal urobilinogen and the brom- 
sulfalein dye-retention test, as well as duo- 
denal drainage, are procedures of established 
value which at times are indispensable. There 
are, however, other more recent tests of he- 
patic function which, if properly used and 
interpreted, at times also may be valuable in 
the differential diagnosis of jaundice. Al- 
though many tests of hepatic function have 
been devised which are based on derangement 
in formation of the serum proteins, the de- 
rangements until very recently were only 
vaguely understood. The most recent addi- 
tions to this long list of tests of hepatic func- 
tion are the so called flocculation tests. The 
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more recent ones are the cephalin-cholesterol 
flocculation test, thymol turbidity and gam- 
ma-globulin tests. Current evidence indicates 
that the reactions of these tests depend on a 
delicate imbalance of multiple components of 
the serum, such as the lipoprotein complexes, 
the lipid and gamma-globulin fractions of the 
serum. 

The value of the cephalin-cholesterol floc- 
culation test in hepatitis is well established. 
Often it shows a prolonged elevation during 
convalescence after signs or symptoms of the 
disease have ended. Unfortunately, it often 
gives a positive result in obstructive jaundice 
and is not too useful in the differential diag- 
nosis of jaundice. The thymol turbidity reac- 
tion, however, usually is positive in infectious 
hepatitis, but usually is negative in biliary 
obstruction of diverse types. The gamma- 
globulin test is said to have about the same 
percentage of falsely positive results as does 
the thymol turbidity test. 

Certainly, laboratory tests are valuable 
supplements to, but are not substitutes for, a 
well taken history, a thorough physical exam- 
ination and clinical experience. Tests of he- 
patic function are no exception to this rule. 
Intelligent interpretation of these tests de- 
pends upon a thorough understanding of the 
underlying physiologic principles. Further- 
more, the interpretation depends upon the 
knowledge of the sources of error in the meth- 
od and on the skill and reliability of the person 
collecting the specimens and performing the 
test. 

There is little doubt that the clinical dis- 
tinction between obstructive and nonobstruc- 
tive jaundice can be and is made frequently. 
In a small percentage of cases there may be 
reason for doubt in regard to diagnosis. The 
history may be confusing, physical findings 
meager, and laboratory data equivocal. Sur- 
gical exploration of a patient who has paren- 


chymatous disease of the liver is still a very 
serious error, and any diagnostic procedure 
which might aid the surgeon and prevent such 
an occurrence should be carefully evaluated. 
Such errors usually are caused by a hurried or 
incomplete history, the overlooking of some- 
thing during the physical examination, in- 
adequate laboratory investigations, or, more 
often, misinterpretation of data or insufficient 
observation. 

It is true that experience will assist clinical 
judgment and may permit some short cuts, 
but in general it is not wise to pursue these too 
far. Dependence on tests of hepatic function 
for the differential diagnosis of jaundice is 
dangerous, if one is not constantly aware that 
good clinical judgment and experience are 
more important. Interpretation of these tests 
of hepatic function as indicative of obstruc- 
tive or nonobstructive jaundice is not war- 
ranted from the evidence available. Rather, 


these data should be applied, as experience 


teaches, to the individual case and all its 
special problems. 

No one will doubt that the present-day tests 
of hepatic function can be and at times are of 
great value in the differential diagnosis of 
jaundice. None, however, is without fault. 
They are of value only when used with much 
deliberation and knowledge of their definite 
limitations. Hucs R. Butt. 


PSYCHOSURGERY IN 
MIDCENTURY 


VERY new procedure is subject to 
four stages of appraisal by the medi- 
cal profession before its final place in 

the therapeutic armamentarium is estab- 
lished. First, the period of doubt. A few 
proponents of the discovery must work hard 
to be heard. This is followed in the second 
stage by extensive application and variation. 
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The third period is again one of doubt. Re- 
sults of the second stage are evaluated. Fi- 
nally the true worth of the procedure be- 
comes apparent and its limited and specific 
use is accepted. 

Psychosurgery is now in the second stage. 
Lobotomy is performed for mental disturb- 
ances ranging from suffering due to organic- 
ally-caused intractable pain, through affec- 
tive disorders, to schizophrenia. In most 
clinics and state hospitals the only indica- 
tions for lobotomy are severity and duration 
of illness and failure to respond to other 
forms of therapy. Improvement is often 
measured in terms of the patient’s tracta- 
bility. There is no question that psychosur- 
gery is being extensively applied throughout 
the United States and Atlantic community. 

Variations of the original procedure are 
also in abundance. The original closed meth- 
od sponsored by Freeman and Watts! has 
now been almost completely superseded by 
the open technique developed by Lyerly** 
and adapted by Poppen. Mettler and Row- 
land’s‘ finding that the lateral site of entry 
used in the original procedure almost invari- 
ably damaged the so called motor speech 
area (Broca) of the cerebral hemispheres 
should serve to discourage those who continue 
to use this approach. 

Frontal lobectomies by Peyton’, frontal 
gyrectomies by Penfield’ and topectomies 
(areal removals) by the Columbia-Greystone 
associates’ have been attempted. Only the 

1 Freeman, W., and Watts, J. W. Psychosurgery. Intelligence, 
Emotion and Social Behavior following Prefrontal Lobotomy 
for Mental Disorders. Vol. 12. Springfield, Ill.: Charles C 
Thomas, 1942. 

2Lyerly, J. G. Prefrontal lobotomy in involutional melan- 
cholia. J. Florida M. Ass., 1938, 25: 225. 

3Idem. Prefrontal lobotomy with reference to involutional 
melancholia. South. Med. & Surg., 1944, 106: 124. 

4 Mettler, F. A., and Rowland, L. P. Relation between the 
coronal suture and cerebrum. J. Comp. Neur., 1948, 89: 21-40. 

5 Peyton, W. T., Noran, H. H., and Miller, E. W. Prefrontal 
lobectomy—excision of the anterior areas of the cerebrum. Am. 
J. Psych., 1948, 104: 513-23. 

6 Penfield, W. Symposium on gyrectomy. Part I. oe 


frontal gyrectomy and postoperative intelligence. Res. Pub! 
Ass. Nerv. Ment. Dis., 1948, 27: 519-34. 


topectomy has promise of survival among 
these. Cortical undercutting (Scoville’) is a 
similar modification designed to restrict the 
psychosurgical procedure. Transorbital leu- 
cotomy currently used by Freeman’ is a tech- 
nical simplification which has shown great 
promise but also potential hazards in un- 
skilled hands which may outweigh its ad- 
vantages. Other variations of psychosur- 
gical approach include variations in plane, 
percentage and location of frontothalamic 
tracts cut; attempts specifically to interrupt 
frontocaudate fibers!’ and novocainization of 
frontal fibers as a diagnostic procedure (Van 
Wagenen).! Finally, there are ventures into 
cortical areas other than the frontal lobes and 
destruction of subcortical nuclei. Penfield," 
Bailey and Green,’? and Walker" have care- 
fully and tentatively attempted surgery in 
the temporal region for psychomotor seizures 
and reported effects in psychiatric syndromes. 
Occasional reports from Europe and South 
America tell of parietal and occipital abla- 
tions which have thus far been insufficiently 
documented to analyze. The studies of Spie- 
gel and Wycis,“ on the other hand, of the 
destruction of thalamic and mesencephalic 
nuclei with a Horsley-Clarke apparatus de- 
signed for humans, should in a few years give 
abundant information as to the value of such 


a procedure. 


7 Columbia-Greystone Assoc. Edited by F. A. Mettler. 
Selective partial ablation of the frontal cortex. New York: Paul 
B. Hoeber Inc., Medical Book Dept. Harper & Brothers, 1950. 

8 Scoville, W. B. Selective cortical undercutting as a means 
of modifying and studying frontal lobe function in man, pre- 
liminary report of 43 operative cases. J. Neurosurg., 1940, 6:65 

Freeman, W. Transorbital lobotomy. Dis. Nerv. System, 
1949, 10: No. 12. 

10 Van Wagenen, W. P. Observations on changes in states of 
mental depression and tension following surgical section of certain 
frontal lobe pathways. Surgery, 1946, 20: 656. 

108 Tdem. Presented at the Harvey Cushing Society Meetings, 
April, 1950. 

11 Penfield, W., and Steelman, H. Treatment of focal epilepsy 
by cortical excision. Ann. Surg., 1947, 126: 740-62. 

12 Bailey, P., and Green, J. Meeting of the American League 
against Epilepsy, Cincinnati, Ohio, 1950. 

13 Walker, A. E. Discussion at Harvey Cushing Society Meet- 
ings, April, 1950. 

14 Spiegel, E. A., Wycis, H. T., and Freed, H. Thalamotomy; 
aspects. New York State J. M., 1049, 40: 

0. 19. 
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Great variability and extensive applica- 
tion are the characteristics of the second 
stage. There are signs, however, of the ap- 
proach of the period of critical evaluation. 
Careful research, both animal and clinical, 
has been underway for a number of years in 
an attempt to evaluate the effects of cerebral 
surgery on the physiological, psychological, 
and psychiatric equilibrium of the organism. 
Outstanding is the program of the Columbia 
group under the direction of Fred Mettler.’ 
Equally promising are the studies underway 
in various Veterans Administration Hospi- 
tals’: 17 where a unique opportunity exists 
for close and continuous contact of variously 
trained investigators with the patient and for 
adequate control studies. Psychophysiologi- 
cal studies on animals are being carried out 
principally in three laboratories: the Yerkes 
Laboratories of Primate Biology (Yale and 
Harvard Universities) under the direction of 
Karl S. Lashley; the psychological laboratory 
of the University of Wisconsin under the di- 
rection of Harry Harlowe; and the laboratory 
of physiology of Yale University under the 
direction of John Fulton. These studies have 
not yet proceeded to the point where general- 
izations can be easily made. However, they 
suggest that those who expect a permanent 
alteration in the physiology of the organism 
as a result of psychosurgery may be disap- 
pointed. Hence, easy “‘cures’’ with the stroke 
of the leucotome are not to be sought. On 
the other hand, these studies suggest that a 
temporary lability in psychophysiological ad- 
justment does take place following psycho- 
surgery and that the postoperative level of 
adjustment is determined to a large extent 


15 Bernstein, L. Winter V. A. Hosp., Topeka, Kansas. Personal 
communication. 

16 Sewall, L. G. (V. A. Hosp. at Roanoke, Va.) Presented at 
meeting of Chiefs of Professional Services, Coatsville, Pa., April, 


950. 

7 Tatum, J. C. (V. A. Hosp. at Tuscaloosa, Ala.) Presented 
at meeting of Chiefs of Professional Services, Coatsville, Pa., 
April. 1950. 
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by the training program instituted during the 
period of lability. These studies are so de- 
signed that answers to specificity of the effect 
of locus of lesion on various types of behavior 
should be forthcoming and to give insights 
into the basic nature of the physiological and 
psychological alterations which underlie the 
alterations in behavior observed. 

When the results of these studies become 
available and the results of statistical analy- 
sis of the follow-ups of the mass of data now 
accumulating (e.g. Connecticut Co-operative 
Lobotomy Project!*) there will undoubtedly 
be a restriction of the now indiscriminate use 
of psychosurgery. It is hoped, however, that 
these studies may yield specific procedures 
for specific syndromes. It is this hope which 
spurs the efforts of those laboriously unravel- 
ling the results of the research which has been 
described. 

In order that this hope be not in vain the 
results of the present extensive application of 
psychosurgery should be recorded. Careful 
description of the procedure; careful descrip- 
tion of the illness; careful and long term 
follow-ups of the postoperative course are 
essential. This should be done in language 
common to all observers and should be filed 
in a common pool. The brains of all patients 
on whom adequate behavioral data are avail- 
able, i.e. who die of causes other than the 
procedure, should be serially reconstructed 
and the behavioral alterations correlated with 
anatomical changes. This type of co-ordinated 
study is underway in England’: 2) and 


18 Connecticut Lobotomy Committee (Friedman, S., Moore, 
B. E., Simon, B., and Farmer, J.) A co-operative clinical study of 
lobotomy. Res. Publ. Ass. Nerv. Ment. Dis., 1948, 27: 769-94. 

19 Dax, E. C., and Radley-Smith, E. J. Early effects of pre- 
frontal leucotomy on disturbed patients with mental illness of 
long duration. J. Ment. Sc., Lond., 1943, 89: 182-185. 

20 Dax, E. C., and Radley-Smith, E. J. Discussion: Pre- 
frontal leucotomy with reference to indications and results. 
Proc. R. Soc. Med., Lond., 1946, 39: 448-9. 

21 Meyer, A., Beck, E., and McLardy, T. Prefrontal leuco- 
tomy, a neuroanatomical report. Brain, 1947, 70: 18-49. 

22 Report of Board of Control, England and Wales. Prefrontal 
leukotomy in 1000 cases. London: H. M. Stationery Office, 1947. 


ak 
a 
te 
4 
e 
= 
| 


EDITORIALS 


the Scandinavian”: ™ countries. It would prove 
even more fruitful in the United States where 
a greater variety of lesions and a more exten- 
sive application of psychosurgery is the prac- 

23 Rylander, G. Personality Changes after Operations on the 
Frontal Lobes, A Clinical Study of 32 Cases. Copenhagen: E. 
Munksgaard, 1939. 


24Rylander, G. Personality analysis before and after frontal 
lobotomy. Res. Publ. Ass. Nerv. Ment. Dis., 1948, 27: 691-705. 
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tice*. Such a step would certainly hasten the 
day when psychosurgery will take its place in 
the practice of medicine as a mature procedure 
specifically applied to specific syndromes. 
H. PRIBRAM. 
* Kolb, L. C. An evaluation of lobotomy and its potentialities 


for future research in psychiatry and the basic sciences. 
Nerv. Ment. Dis., 1949, 110: 112-48. 


THE SURGEON’S LIBRARY 


THE BOOK SHELF 


THREE SOUTHERN SURGEONS 


ANNE PAGE JOHNS, Richmond, Virginia 


I 
FROM ROCKBRIDGE 
(1771-1830)* 
Danville, Kentucky, was a back-woods town 


With a bright young doctor of some renown 
Just settling down. 


From Rockbridge over in Virginia he came, 
With a good Scotch name 

And a medical certificate from Doctor John Bell, 
Eloquent in Edinburgh, who taught men well. 


In his Principles of Surgery, Eighteen-and-one, 

Were “‘blood-vessels,” “fractures,” ‘‘cutting-for- 
stone” 

And the hopeless plight of the female, poor 

Soul, for whose affliction there worked no cure; 

Only the blunt trocar; nothing more. 


Ephraim McDowell with his fine dark eyes 

Had skill, compassion and victories: 

Twenty-two pre-Lister lithotomies— 

No anesthesia—in a long straight row 

With mortality: 0. 

His was a bold, enquiring and resourceful mind. 

He thought, “All art and knowledge cannot lie 
behind...” 


The Crawfords lived way up on Blue Spring Branch 
Of Caney Fork. They knew that doctor’s name 
Because they came 


From Rockbridge too before this avalanche 

Of trouble struck. For it wasn’t another baby. 

Jane Crawford had thought, ““Maybe 

It’s twins this time .. .” (her fifth). But no, 

This burden was something else, the new doctor 
said, 

When he rode up to see her through the creek’s 
dry bed. 


Presented at the presidential dinner of The Southern Surgical 
Association, 1949. 
*The birth and death of Ephraim McDowell. 


She followed him down in a day or so 

To Danville. It was a cold and wearisome rack, 

With the great thing monstrous before her on the 
horse’s back. 

People in Danville Village saw, and stared. 

She was ashamed, and scared. 

But she and her man had decided to let him try. 

He said he thought he could “cut 1t away.” And 
she might not die. 


So, on Christmas Morning, Eighteen-and-nine, 

On a kitchen table of clean scrubbed pine 

The first ovariotomy was safely done, 

Abdominal surgery well begun, 

With a prayer in the surgeon’s pocket to God, and 
His Son. 


I 
THE CONQUEROR 
(1815—1878)* 


A Georgia surgeon conquered pain, 
Forged his weapon, boldly drew it, 
Found out ether’s power, and used it, 
Got mankind a marvelous gain; 
Taught few followers how to do it, 
Won the laurel, and refused it? 


Had this man no time for dreams? 

Hand or mind for generous fame? 

Wit nor will for worldly schemes? 
Hating praise? Or shunning blame? 

Roistering “‘ether-parties” round him, 
Could a modest heart confound him? 


Yet of him, “One thing I know,” 
(Spoke a man cured long ago.) 
History reads it, right from wrong: 
When the first surgical patient slept 
Etherized from anguish, kept 
At peace through pain, 
He owed that gain 
To the conqueror: Crawford Long. 


*The birth and death of Crawford Williamson Long 
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III 
THE MEDALIST 
(1813—-1883)* 
As seen by his wife 


I was a doctor’s wife: Teresa Sims. 

I loved my husband. 

Loved him and bore with him for sixty years. 
And Marion Sims was hard to get along with; 
Peevish and put-upon and so impulsive. 

He was afraid of things, of growing up, 

Of dying—always—of the sea... 

And yet, how well I knew it, he was a genius. 
He had a gift for finding out 

And making up his mind 

And being right. 


I loved him from the time he was eleven, 
When I was eight. 
He was our Sheriff’s boy, not much on looks 
Or family (my mother said), 
But quick and kind and clever, 
And for me. 
And he wouldn’t be a lawyer, 
Not even to please his father. 
He wouldn’t preach 
For all his mother’s praying. 
But I was going to marry him. I’d wait— 
He knew—he had my rose to prove it, 
Never mind how long it took to be a doctor. 
That Jefferson diploma meant a year in Phila- 
delphia! 


No matter if his first two patients died, 
Poor lad, back home in Carolina. 

Not even if he took down his new shingle 
When he lost our Mayor’s baby .. . 


And I was right. Soon there were many patients. 
At twenty-two he saved a man from dying, 
Operated on his liver that was killing him. 

He could straighten cross-eyes, and club feet, 
And mend a poor hare-lip. 

And then 

Three colored girls got well in Alabama! 

Three “hopeless cases” in a week in ’Forty-nine 
After four long years 

And many an operation 

In his little eight-bed hospital for negroes 


*The life span of James Marion Sims. 
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Out there in the corner of our yard 
Down in Montgomery. 


For my husband had a good idea. He kept on 
trying 

With his quick certain fingers, with the smooth 

Bent handle of my best pewter spoon, 

With threads of silver-wire and three good black 
patients 

He became a Woman’s Doctor 

And the greatest one of all. . . 


Forty First Ladies of New York! I remember— 
They got him what he wanted in Eighteen-fifty- 
five: 
Thirty beds for women for his new work. 
They called it 
“Gynecology” . . . Now, at last, we lived in style 
With our seven nice children. One 
Was left in Alabama, dead before we could move 
North, 
Away from heat and fevers to the cold “healthy” 
North... 


Then the Civil War started. His father was fighting. 

But I let him go to Europe. He wanted to know 

All about “‘pavillions” for the New York State 
Hospital 

For — now a-building for him up on Potters’ 
Field. 

So he went abroad in ’Sixty-one. 
where they called him 

To operate on women before most learned surgeons, 

With the “greatest furore!” 


And every- 


He cured a young French countess. And he sat 
By the Empress Eugenie’s bed 
When a Prince Was born. 

“From log cabin to palace” — 

It was true of Doctor Sims! 

In half a dozen countries he was “held high in 
esteem.” 
How he liked it! 

foreign war, 
He wore them right proudly, hopefully. Poor 
Marion. 
For the greatest Woman’s Doctor, 
Though he wasn’t old at seventy— 
Though he thanked me and his Maker— 
Had no Country of his own. 


And his medals from a later 
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tice in Ophthalmology 1949: give an outline 

of the care for ophthalmic problems for the 
general practitioner, who is unable to secure the 
help of an eye physician. Each author has special 
knowledge in the subjects he discusses, which include 
anatomy, physiology, pathology, diseases of the 
different parts of the eye, and also tropical diseases, 
injuries, and necessary surgical procedures. 

In the appendix ‘“‘Standards of Vision of the Serv- 
ices in Britain” is included. 

The extensive index, the many illustrations, and 
the references at the end of each chapter make the 
book valuable for the group for which it was written. 

BEULAH CUSHMAN. 


"[ te author and 21 co-authors of Modern Prac- 


“Toe purpose of the reference volume Normal 
Values in Clinical Medicine? is indicated in its 
preface by a quotation from Lord Kelvin: “When 
you can measure what you are talking about and 
express it in numbers, you know something about 
it.” The book is a reservoir of measurements and 
numerical data derived from the clinical and non- 
clinical departments of medicine and its allied 
sciences. 

Sections 1, 2, and 3, comprising the first 23 chap- 
ters cover statistical data for the circulatory system, 
the cellular elements of the blood and marrow, and 
the composition and physical properties of the blood, 
extracellular fluid and lymph. The arrangement of 
the data for normal values continues by systems, 
respiratory, digestive, nervous, genitourinary, and 
eye, ear and nose, through Section 15 which deals 
with normal values in endocrinology. There is an 
unexpected and interesting section of these values 
in dentistry. Extensive tables of data on metabo- 
lism and nutrition, on anatomical normals, and on 
life and actuarial statistics, as well as 60 pages of 
tables of food values are available in this one vol- 
ume. There are also useful tables on weights, meas- 
ures and standards and on drugs and their doses. 
In one chapter statistical methods and in another, 
as a sign of the times, data on isotopes are presented. 
Besides the 413 tables, this encyclopedic volume 
contains 237 figures which greatly enhance its value. 

The authors and their 44 collaborators have pre- 
sented the latest available figures. They have care- 
fully indicated numerical inadequacies in the data 
on which some of the normal values are based and 
have listed pertinent original sources. Students and 


1MODERN PRACTICE IN OPHTHALMOLOGY 1949. Edited by H. 
B. Stallard, M.B.E., M.A., M.D., F.R.C.S. New York: Paul B. 
Hoeber, Inc. Medical Book Dept. of Harper & Brothers, 1949. 

2NoRMAL VALUES IN CLINICAL MEpIcINE. By F. William 
Sunderman, M.D., Ph.D., and Frederick Boerner, V.M.D. Phila- 
delphia and London: W. B. Saunders Co., 1949. 


workers in the field of medicine should find this a 
valuable reference volume and a great: convenience. 
FERDINAND SCHEMM. 


TS small 180 page Handbook of Surgical Urology 
for Internes,. Hospital Corpsmen and Nurses* is 
a well illustrated review of urologic anomalies, dis- 
eases, and infections. A short outline on treatment 
is included in each presentation. 

The common urologic physical, laboratory and 
instrumental examinations are well presented and 
illustrated. The preoperative and postoperative 
care following major urologic operations reflect cur- 
rent opinion and the mature judgment of the author. 

Chapter 10 reviews the present uses of the sulfona- 
mides and antibiotics. The indications, contraindi- 
cations and side reactions are clearly stated. 

This volume will be useful to the practicing physi- 
cian and surgeon. It can also serve as a valuable 
teaching outline for medical students, intern, and 
nurses. LEANDER W. RIBA. 


HE standard size, well printed book Acute Ap- 

pendicitis and Its Complications’ comprises 424 
pages devoted exclusively to the subject of the title. 
The author stresses the grave and potentially lethal 
nature of this disease; the demand for proper, prompt 
surgical treatment; and the folly of compromise 
with the aid of antibiotics. 

Based upon a critical analysis of 6,441 surgical 
cases of acute appendicitis treated at the Charity 
Hospital of Louisiana at New Orleans and upon an 
extensive familiarity with the pertinent literature, 
the book is a valuable collection of the unusual and 
bizarre manifestations of acute appendicitis as well 
as its better known guises. 

The complications of acute appendicitis are each 
a separate disease, different from the parent process. 
They often appear much sooner than anticipated 
and demand tteatment different from that required 
for the uncomplicated disease. 

Acute appendicitis and each of its complications 
are correlated with their clinical findings and patho- 
logic characteristics. The therapy both surgical and 
supplementary is presented in a clear and authorita- 
tive fashion. There is adequate discussion of ap- 
pendicitis in childhood, in the aged, in pregnancy, 
and of traumatic appendicitis. Finally there is a 
summary of the factors concerned in the mortality 
of acute appendicitis. 


3HANDBOOK OF SURGICAL UROLOGY FOR INTERNES, HOSPITAL 
CoRPSMEN AND NursEs. By Nelse F. Ockerblad, M.D., F.A.C.S 
Baltimore: The Williams & Wilkins Co., 1949. 

4AcuTE APPENDICITIS AND ITs COMPLICATIONS. By Frederick 
Fitzherbert Boyce, M.D. New York: Oxford University Press, 
1949. 
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Throughout the book the reader is reminded that 
he is far wiser who, when confronted with any form 
of this disease, always assumes a pessimistic outlook 
that conditions are apt to be worse and more ad- 
vanced than they seem. It is clear that established 
principles of surgical treatment must not be com- 
promised but rather must be supplemented by the 
judicious use of antibiotics or chemotherapeutic 
agents. Still as important as ever in reducing the 
mortality of acute appendicitis is a continued .cru- 
sade for early prompt operation and absolute avoid- 
ance of purgation. Epwarp W. Grsss. 


‘Ta ING in plastic surgery, particularly in the 
United States, has been largely by precept and 
example. Its literature, relatively meager and frag- 
mentary, has only recently been augmented by the 
publication of the American and British Journals. 
One can welcome, therefore, the addition of a new 
book of the value of The Surgical Treatment of Facial 
Injuries. 

In the preface, the authors state that “the purpose 
of the book is to stress our viewpoint with respect 
to the treatment of facial injuries; the text is related 
to cases which we have treated personally.” This 
experience, gained in World Wars I and II, has been 
sufficiently broad and diversified to present an ex- 
tensive cross section of facial injuries. In plastic 
surgery it is particularly necessary to diagram, 
clearly outline and illustrate the methods used and 
the plans, step by step, of the various and often 
multiple procedures. The authors have generously 
documented each case with all visual aids to clarify 
and assist in an understanding and interpretation 
of each procedure. 

The text introduces the subject matter well by 
tracing the evolution and anatomy of the face. The 
subsequent chapters on the healing of wounds, the 
principles of technique and treatment are concise 
and succinct. The many accompanying photomicro- 
graphs of wound healing are a valuable aid in the 
presentation of this particular study. 

The chapters immediately following on fractures 
of the mandible, the maxilla, nose and zygoma, as 
well as complex facial fractures, are profusely illus- 
trated with cases depicting the use of various fixa- 
tion methods. Each section includes anatomy, sur- 
gical pathology, and diagnosis in such a manner 
that the reader gains a clear picture of the problem 
under consideration. The free use of diagrams of the 
bony skull to outline the various lines of fracture 
and their displacement simplify and help in appreci- 
ation of the involved injury, the type of displace- 
ment occurring and the necessary means of adequate 
reduction. 

Subsequent chapters on pedicles, skin flaps and 
free grafts as well as those embracing deformities of 
the upper face, eyelids, nose and lower face vividly 
portray practical methods of adequate treatment 

1THE SURGICAL TREATMENT OF FactaAt InjurRIES. By Varaz- 


tad Hovhannes Kazanjian, M.D., D.M.D., and John Marquis 
Converse, M.D. Baltimore: The Williams & 
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and are accompanied by end-result illustrations, 
which assist in proving the value of the method used. 

The form, paper, illustrations and presentation of 
material is on an extremely high plane and one 
wishes that the authors had not chosen to confine 
themselves solely to the presentation of their own 
material. In a field as large as that covered, one 
easily appreciates the difficulty of the proper selec- 
tion of material and the necessity of employing an 
arbitrary limit to the presentation. However, a few 
of the chapters would have been more complete had 
brief mention of some of the generally accepted 
methods of treatment been included or had they 
been cited in the bibliography. For instance, it 
would seem that the composite graft deserved a 
more detailed description and that some reference 
to the work of Peer and others on the reconstruction 
of the ear would have been particularly pertinent. 

This book answers a real need in balancing the 
library of a plastic or an oral Surgeon. It should also 
be a valuable reference book to the surgical special- 
ties dealing with facial injuries and a guide to the 
proper treatment for the practitioner who has the 
opportunity to handle the occasional case. 

S. KIsKADDEN. 


HE author has collected and revised the articles 
that were written concerning his experience in 
Resuscitation and Anethesia for Wounded Men; the 
Management of Traumatic Shock?. His wide experi- 
ence was gained not only in civilian activity but in 
war experience in the Mediterranean theater. The 
management of traumatic shock, which is such an 
important problem, is well covered. He has taken 
this large problem and put into one small book a vast 
amount of clinical material. His conclusions are 
sound and his management of traumatic shock, 
whether it is due to civilian injury or a war injury, 
is sound. As he states, regardless of the cause of 
injury the principles of treatment remain the same. 
The book is full of excellent material, and it should 
be in the library of every resident and surgeon who 
is in contact with patients involved in traumatic 
injuries. His experiences with blood replacements, 
the time for surgery, the indications for surgery and 
the danger of morphine are but a few of the many 
points which are soundly reasoned out in this mono- 
graph. The importance of this monograph as re- 
lated to the surgery of trauma cannot be over esti- 
mated by those of us who saw his work and the re- 
sults that were obtained. Harvey S. ALLEN. 


te 2 volume work of Rolnick, The Practice of 
Urology’, deals with all phases of this specialty. 
That is to say, it presents the medical and surgical 
aspects of urologic diseases of man, woman and child. 


2RESUSCITATION AND ANESTHESIA FOR WOUNDED MEN; THE 
MANAGEMENT OF TRAUMATIC SHOCK. By Henry K. Beecher, 
A.M., M.D. Springfield. Ill.: Charles C Thomas, 1949. 

Tue Practice oF Urotocy. By Harry C. Rolnick, M.D. 
e rand 2. Philadelphia, London, Montreal: J. B. Lippincott 

'0., 1949. 
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The two volumes have been carefully and thorough- 
ly planned. The general arrangement is simple and 
straightforward. Individual indexing at the begin- 
ning of each chapter is helpful to the reader. Illus- 
trations and references are conveniently placed on 
the same page as the corresponding text. The bind- 
ing, typography, and paper are pleasing, and the 
excellent illustrations are a credit to both author 
and publisher. 

Although this is an entirely new book, some of the 
chapters on fundamentals are little changed from 
those in the work on urology by Eisendrath and 
Rolnick. The whole field, however, has been brought 
up to date, resulting in an excellent textbook. 

The chapter on laboratory methods leaves some- 
thing to be desired but it contains a good over-all 
discussion of routine office laboratory studies. The 
chapter on the chemotherapy of infections of the 
urinary tract is excellent. Sterility in the male is 
well treated, and brings the subject into line with 
contemporary practice in a very clear manner. The 
remaining chapters in volume 1 are good. 

Volume 2 is much more impressive than the first 
one. Surgery of the prostate gland is well done, as 
is the chapter on transurethral surgery. The gen- 
eral discussion of adrenal tumors is good but many 
would not subscribe to the value the author places 
on the perirenal insufflation of air in the diagnosis of 
these tumors. The chapter on nephritis, nephrosis 
and related disturbances brings many current con- 
cepts and results of recent investigations to textbook 
form. The chapter on neoplasms of the kidney is 
notable for its many superior illustrations; particu- 
larly valuable are the excretory urograms and retro- 
grade pyelograms. The chapter on urology in the 
female is very good; it includes a competent descrip- 
tion of correction of stress incontinence. 

The entire text is well written. Anyone interested 
in urology will find this set extremely useful. 

D. O. FEerRIs. 


fh. popularity of the book Diseases of Women! 
is reflected in the fact that it is now in its eighth 
edition. This is the monograph formerly edited by 
the late Sir Comyns Berkeley and now edited by 
Clifford White, Frank Cook and Sir William Gilliatt. 
It is compiled by the editors from the contributions 
of ten different qualified British authors. 

It is remarkable in its compact wealth of material 
and precise presentation. Although the result of the 
contributions of many workers, it is not lacking in 
lucidness and continuity. It would seem to be of 
greatest value to the student or general practitioner 
who would realize the greatest return from the read- 
ing of this volume of practical, factual material on 
the etiology, symptoms, signs, diagnosis and treat- 
ment of gynecological disorders. To the gynecologi- 


1DIsEASES OF WoMEN. By ten teachers under the direction of 
Clifford White, M.D., B.S.(Lond.), F.R.C.P.(Lond.), F.R.C.S. 
(Eng.), F.R.C.0.G. Edited by Clifford White, Frank Cook, and 
Sir William Gilliatt. 8th ed. Baltimore: The Williams & Wil- 
kins Co., 1949. 


cal specialist it would be of lesser value. There is 
no bibliography, and there are no discussions of any 
length on the subjects which might provoke his in- 
terest. It approaches outline form in some chapters 
but it is easy to read, covers a great deal of ground, 
even to illustrations of surgical procedures, and is 
an excellent and scientific presentation by qualified 
authorities. Stuart ABEL. 


HE volume [ntestinal Intubation? is a compre- 
hensive review of the entire subject. The funda- 
mental principles governing the use of long intestinal 
tubes are logically explained in considerable detail. 
The historical evolution of the use of the gastric 
and intestinal tubes for the treatment of intestinal 
distention is presented in a readable fashion. The 
chapters devoted to the discussion of the normal and 
pathological physiology of the intestinal tract with 
respect to the use of decompression tubes are of es- 
pecial value. The rationale of the use and abuse of 
intestinal decompression and the methods usually 
employed to combat the effects of the gastroin- 
testinal distention are evaluated and emphasized 
according to their merit. 

Considerable space is provided for the presenta- 
tion of the most useful techniques and helpful aids 
that can be utilized in caring for those patients in 
whom intestinal intubation is necessary. Because 
of this aspect a review such as this should find its 
greatest use with those who are training themselves 
in the surgical specialties since for the most part the 
problems of intestinal intubation fall within the 
duties and privileges of the resident staff. 

The book suffers somewhat from excessive word- 
age and unnecessary repetition but the plentiful use 
of line drawings and of actual and roentgen photo- 
graphs adds forcefulness to the printed text. 

ORVILLE F, GRIMES. 


She excellent little book Essentials of Obstetrical 
and Gynecological Pathology® achieves the aim of 
the authors to give a synopsis of the pathology of 
the female genital organs. It is written simply and 
clearly and good use is made of diagrams and photo- 
graphs. Many of the photomicrographs, which were 
poor in the first edition, have been replaced by better 
ones and it is hoped that this policy will be continued 
in future editions. The publisher could help ma- 
terially by reproducing them in the best possible 
manner. 

The book presents the subject in a systematic 
manner and wherever necessary brief discussions of 
the normal embryology, anatomy, histology, and 
endocrinology are used to make clear the pathologi- 
cal lesions. The book should be useful to under- 
graduate students as well as to graduate students 
studying for specialty board examinations. Patholo- 


2INTESTINAL INTUBATION. By Meyer O. Cantor, M.S., M.D., 
F.A.C.S., Springfield, Ill.: Charles C Thomas, 1949. 

3ESSENTIALS OF OBSTETRICAL AND GYNECOLOGICAL PATHOL- 
ocy. By Robert L. Faulkner, M.D., F.A.C.S., and Marion 
Douglass, M.D. 2d ed. St. Louis: The C. V. Mosby Co., 1949. 
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gists will find it a convenient reference book and one 
which will help them explain their diagnosis to the 
clinical gynecologist. B. WARTMAN. 


in the book Congenital Anomalies 

of The Heart and Great Vessels’ is a clinicopatho- 
logic study of 132 cases compiled by 6 members of 
the Mayo Clinic and edited by Dr. Paul R. Cannon, 
Professor of Pathology of the University of Chicago. 
Fifteen various anomalies, as the authors have seen 
them, have been vividly portrayed by beautiful 
colored illustrations of models, photographs of speci- 
mens, and drawings. A brief description of the 
pathology, the salient points in the history and a 
listing of the principal clinical features including 

. x-rays and electrocardiograms are presented. Por- 
traits of 16 investigators, from the time of W. Harvey 
to Maude Abbott and a paragraph concerning their 
contributions to the knowledge of cardiovascular 
anomalies, helps to make this book of 67 pages a 
most interesting and instructive one that will help 
the student and practitioner visualize these prob- 
lems more easily. The engravers and publishers are 
to be commended. The authors have no doubt ac- 
complished their objective, but students of the sub- 
ject will regret its limitations. EGBERT FELL. 


te present edition of Rowbotham’s treatise 
Acute Injuries of the Head; Their Diagnosis, 
Treatment, Complications and Sequels? apparently is 
based principally on his war experiences which are 
known to have been considerable. Certain sections 
of the book read as if they had been written during 
a time of war in a military hospital, not taking into 
account the treatment of the same type of injuries 
under civilian circumstances. 

A considerable portion of the book is devoted to a 
discussion in detail of the mechanisms of injuries of 
the head, and the author states, “‘given the precise 
details of how the head is struck brain damage can 
be predicted with reasonable mathematical accu- 
racy.” It is reasonable to assume that a good many 
neurologists and neurosurgeons will not agree with 
that statement. 

Other rather sweeping statements are to be found, 
such as, “For clinical purposes deep coma may be 
regarded as a sign of brain stem injury, semicoma 
as a sign of bilateral hemispheral paralysis, and con- 
fusion as impairment of function of the frontal lobes 
of the brain.”’ The author is of the opinion that more 
active surgical treatment, even subtemporal decom- 
pression, can be used with benefit in many of those 
patients who are carried on conservative methods of 
treatment alone. He grants, however, that the de- 

1CONGENITAL ANOMALIES OF THE HEART AND GREAT VESSELS; 
CLINICOPATHOLOGIC StuDY OF 132 CAsES. By Thomas J. Dry, 
Robert L. Parker, H. Milton Rogers, Jesse E. Edwards, Howard 
B. Burchell, and Arthur H. Bulbulian. Springfield, Ill.: Charles 
C Thomas, 1949. 

2AcuTE InjuRIES OF THE HEAD; THEIR D1AGNosis, TREAT- 
MENT, COMPLICATIONS AND SEQUELS. By G. F. Rowbotham, 
B. Sc.(Manch.), F.R.C.S.(Eng.). With a foreword by Professor 


Norman M. Dott, C.B.E., M.B., Ch.B.(Ed.), F.R.C.S.(Ed.). 
3d ed. Baltimore: The Williams & Wilkins Co., 1949. 
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cision for such surgery can come only with considera- 
ble experience and must be decided with most ac- 
curate judgment. 

It is realized that the book is meant to be detailed 
in its discussion, but it does seem a bit redundant 
that the technique of lumbar puncture should be 
given in great detail, even with illustrations of a 
spinal puncture needle and manometer. There is a 
description of an intravenous dehydration procedure 
with the use of 50 per cent sucrose solution, the illus- 
tration for which shows the injection being made 
into an antecubital vein, the fluid being sucked out 
of an open tumbler at the side of the patient’s arm. 
No statement is made as to the rate of injection 
which most American neurosurgeons feel to be a 
very important part of this procedure, and it would 
seem that an intravenous drip method more slow 
and regular in its administration of the sucrose 
would he preferable to this hand technique. 

General operating room technique is also exten- 
sively described and illustrated; most surgeons, how- 
ever, will continue to use the procedure which in 
their hands and in their institutions works out best. 

A further example of the detailed instructions ap- 
parently used by the author for his rehabilitation 
program during and after the war is exemplified by 
a typical week’s menu at the rehabilitation center. 
In other words, the reviewer feels that much space 
is given in this book to matters which the individual 
physician will be able to work out for himself to best 
advantage. 

This book has been beautifully printed and some 
of the color illustrations are very fine indeed. The 
book is well illustrated and represents a considerable 
experience in the treatment of brain trauma. 

Joun MArtTIN. 


5 iw content of the book Gastroscopy; the Endo- 
scopic Study of Gastric Pathology’ is based on 
1,300 gastroscopies carried on with rigid gastro- 
scopes and 6,000 done with the flexible gastroscope 
since its invention in 1932. Originally published in 
1937, this second edition is almost entirely rewritten. 
Starting with the history of gastroscopy and the 
original attempts at endoscopic examination of the 
stomach by Kussmaul in 1868 and continuing to the 
introduction of the Wolf-Schindler flexible gastro- 
scope into this country in 1934, the book details the 
anatomical knowledge of the pharynx, esophagus 
and stomach necessary for the procedure. The fol- 
lowing chapter on the technique of the examination 
is so well written that along with the multiple dia- 
grams and pictures presented even those unfamiliar 
with the procedure should have few questions which 
have not been answered. 

Position orientation is discussed in detail with 
many diagrams showing the instrument at different 
levels of the stomach. The bulk of the book, how- 
ever, is devoted to a full discussion of the common 


3GASTROSCOPY; THE ENposcopic Stupy oF Gastric PaATH- 
oLocy. By Rudolf Schindler, M.D., F.A.C.P. 2d ed. Chicago: 
The University of Chicago Press, 1950. 
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diseases of the stomach. The gastroscopic appear- 
ance of these lesions, multiple gastroscopic pictures 
of them, the case histories, and the x-ray films are 
correlated. Whenever it has been possible microsco- 
pic sections and photographs of the gross specimens 
are added. 

Benign gastric ulceration is described in detail with 
regard to its site, characteristic appearance, absence 
of associated gastritis, and change during healing. 
While it is admitted that in a small group of cases 
the differential diagnosis between benign ulcer and 
ulcerating carcinoma is very difficult or even im- 
possible to reach, certainty can be obtained in the 
vast majority of cases by the conscientious applica- 
tion of all the methods of investigation and among 
these gastroscopy plays a very important role. The 
signs of ulcerating carcinoma such as blending in- 
filtration of one side of the ulcer, bleeding at its edge, 
or its site on the greater curvature of the stomach 
are discussed. Gastric carcinoma is divided into 
the following gross types: (1) polypoid carcinoma; 
(2) nonfiltrating carcinomatous ulcer; (3) infiltrat- 
ing carcinomatous ulcer; and (4) diffuse infiltrating 
carcinoma. The infiltrating carcinomatous ulcer 
(group 3) is most easily confused with the benign 
gastric ulceration, and diffuse infiltrating carcinoma 
(group 4) with chronic hypertrophic gastritis, 
lymphoblastoma, gastric syphilis, or leucemic infil- 
tration. 

Many may not agree with the author’s statements 
in the chapter on gastritis on the clinical svmpto- 
matic state associated with the gastroscopically seen 
atrophic gastritis or the chronic superficial gastritis. 
However, few will doubt the existence of a well de- 
fined symptomatic state consisting of recurrent 
epigastric pain or the “‘ulcer type” distress asso- 
ciated with those cases presenting a chronic hyper- 
trophic gastritis. By a gastroscopic examination 
these patients may be spared the functional diag- 
nosis so frequently made. 

Benign adenoma of the stomach and atrophic 
gastritis are discussed from the standpoint of their 
precancerous possibilities. Benign tumors, the post- 
operative stomach, foreign bodies, and some of the 
more rare gastric conditions are reviewed. One 
hundred and twenty colored illustrations of different 
gastric lesions and over 1,000 references attest to the 
fact that this volume is not devoted to the problem 
of gastroscopy alone but is an approach to the entire 
subject of diseases of the stomach. 

Epmunp A. GORVETT. 


SURGERY, GYNECOLOGY AND OBSTETRICS 


T= volume of 301 pages comprises the Proceed- 
ings of the First National Cancer Conference! 
which was held at Memphis, Tennessee, February 
25-27, 1948. Space does not permit a detailed re- 
view of this report but the principal lectures and 


panel discussions provide the reader with a concise 


review of practically all the important phases of 
cancer research that are currently being pursued in 
many laboratories in the country. The clinical sub- 
jects dealt with include tumors of the reproductive 
tracts, breast, endocrinology, lymphoblastomas, 
head and neck tumors, lung cancer, soft part tumors, 
bone tumors, tumors of the nervous system, epidemi- 
ology, including environmental and occupational 
causes, professional education techniques as they 
relate to cancer, services and facilities, cancer regis- . 
tration and administration of grants in cancer. 

For the busy surgeon a perusal of this volume 
would afford information about a very large field, 
with many aspects of which he does not come into 
direct contact; yet these are subjects which are of 
vital interest to him. The clinical discussions afford 
an abbreviation of much of the literature on the 
subjects dealt with presented by authorities in the 
various branches. The volume is to be highly recom- 
mended for surgeons as general education in the 
modern field of cancer research and clinical endeavor. 

ALEXANDER BRUNSCHWIG. 


N its appearance 13 years ago Best and Taylor’s 
text The Physiological Basis of Medical Prac- 
tice; a Text in Applied Physiology® was welcomed as 
a valuable contribution. Succeeding editions have 
added to its stature. The present fifth edition incor- 
porates research of the past 4 years. For this reason 
and because of additional illustrations the size of 
the book has been increased by some 100 pages 
despite the deletion of some of the older material. 
Separation of the contents of this rather bulky book 
into 2 or 3 smaller volumes might be a convenience 
to the reader. This text remains an outstanding 
contribution which deserves a place in the library of 
every physician. WALTER H. NADLEP 
1PROCEEDINGS OF THE First NATIONAL CANCER CONFERENCE. 
New York: American Cancer Society and The National Cancer 
Institute of the U. S. Public Health Service, Federal Security 
Agency, 1949. 
2THE PHYSIOLOGICAL Basis OF MEDICAL PRACTICE; A TEXT 
IN APPLIED Paysiotocy. By Charles Herbert Best, C.B.E., 
M.A., M.D., D.Sc.(Lond.), F.R.S., F.R.C.P.(Canada), and Nor- 
man Burke’ Taylor, V.A., M.D., F.R.S.(Canada), F.R.C.S. 
(Edin.), F.R.C.P. (Canada), M R.CS. (Eng.) L.R.C.P.(Lond.). 
5th ed, Baltimore: Williams & Wilkins Co., 1950. 
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CLINICAL CONGRESS OF AMERICAN 
COLLEGE OF SURGEONS 


FREDERICK A. COLLER, Ann Arbor, President 
HENRY W. CAVE, New York, President-Elect 


PRELIMINARY PROGRAM FOR THE 36th CLINICAL 
CONGRESS—HOTEL STATLER, BOSTON 
OCTOBER 23 TO 27, 1950 


HE five days of the thirty-sixth Clinical 
Congress in Boston, October 23 to 27, 
will be so filled with events that those 
who attend will at practically all times 
have a wide choice of activities. Among the dif- 
ferent types of sessions will be operative and non- 
operative clinics in 25 hospitals every morning and 
afternoon; postgraduate courses in five subjects at 
five different hospitals each morning; forums on 
fundamental surgical problems every morning ex- 
cept Monday and every afternoon; color television 
of operations at Massachusetts General Hospital 
every morning except Monday and every after- 
noon except Friday; scientific sessions on general 
surgery on Tuesday, Wednesday and Thursday 
evenings; scientific sessions on ophthalmology and 
on otorhinolaryngology on Tuesday and Thursday 
evenings with a joint session on Wednesday; panel 
discussions on general and specialty topics every 
afternoon; symposia on cancer, trauma, sports in- 
juries, and graduate training in surgery, times for 
which are given in a later item; a clinicopatholog- 
ical conference on Wednesday morning; medical 
motion picture showings every day; hospital con- 
ferences every day; and official meetings includ- 
ing the Presidential Meeting on Monday evening, 
the Annual Meeting of Govenors on Monday 
afternoon and of Govenors and Fellows on 
Thursday afternoon, and the Convocation on 
Friday evening. Programs for most of the sessions 
appear in outline form on succeeding pages. 

The 1950 Clinical Congress will be the sixth to 
be held in Boston. The previous sessions were in 
1915, 1922, 1928, 1934, and 1941, at all of which 
notable contributions were made to surgical and 
medical knowledge. Those who attend in October 
may anticipate a program of exceptional scope 
and interest, for the surgeons of Boston have com- 


plete facilities at their command in the three 
medical schools and more than thirty approved 
hospitals in Boston and vicinity. 


COLOR TELEVISION 


Telecasts in color of operations taking place at 
the Massachusetts General Hospital will be shown 
in a room in the Mechanics Building every after- 
noon, Monday through Thursday, and every 
morning except Monday. Dr. Horatio Rogers of 
the hospital staff will be in charge of the television. 

This demonstration is made possible by Smith, 
Kline & French Laboratories of Philadelphia. It 
was at their request that Columbia Broadcasting 
System, Inc., undertook to specially design and 
manufacture color television equipment for teach- 
ing surgery and medicine. This equipment, the 
first of its kind to date, is owned by the Labora- 
tories and is being demonstrated by them through- 
out the country as a contribution to medical teach- 
ing. This will be the second demonstration at a 
Clinical Congress, the first having been in Chicago 
in October, 1949. Previously, at the Congresses 
in Los Angeles in 1948 and in New York in 1947, 
the television was in black and white. The Los 
Angeles showing was sponsored by the Los Angeles 
Times and the New York showing which was the 
first use of television at a national medical meet- 
ing, was made possible by a grant from the 
Johnson & Johnson Research Foundation. 


PRESIDENTIAL MEETING AND CONVOCATION 


Dr. Frederick A. Coller of Ann Arbor will de- 
liver the Presidential Address at the Presidential 
Meeting on Monday evening.’ His subject will 
be ‘‘For the Benefit of the Patients.”’ At the same 
session Dr. Henry W. Cave of New York will be 
installed as President, and Dr. Warren H. Cole 
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of Chicago and Dr. G. Gavin Miller of Montreal 
as First and Second Vice Presidents respectively. 
The fifth Martin Memorial Lecture will be de- 
livered by Professor Sir Geoffrey Jefferson, C.B.E., 
F.R.C.S. (Eng.). His subject will be “The Bal- 
ance of Life and Death in Intracranial Lesions.” 

The annual Convocation which includes formal 
initiation ceremonies for the new Fellows will take 
place on Friday evening, October 27, in Symphony 
Hall. The Fellowship Address will be given by 
Dr. Paul R. Hawley, Director of the College. His 
subject will be “Quo Vadimus?” 


HOSPITAL CLINICS 


Under the leadership of the Committee on Ar- 
rangements, and the representatives of the par- 
ticipating hospitals, a program of operative and 
nonoperative clinics is being arranged in 25 hos- 
pitals as a major feature of the Clinical Congress. 
The schedules of clinics, which will cover general 
surgery, obstetrics and gynecology, fractures and 
other trauma, neurosurgery, orthopedic, thoracic, 
and genitourinary surgery, and ophthalmology 
and otorhinolaryngology, will be published in a 
Daily Clinical Bulletin which will be issued each 
day during the Clinical Congress. The clinic 
schedules will also be posted on bulletin boards. 

The hospitals which will arrange clinics, and the 
names of the hospital representatives, follow: 


Beth Israel Hospital—Dr. Howarp A. FRANK 

Boston City Hospital—Dr. J. E>pwarp FLYNN 

Boston Lying-In Hospital—Dr. GustTaFson 

Carney Hospital—Dr. Joun J. Topp 

Chelsea Naval Hospital—Dr. HENry W. Hupson 

Children’s Medical Center—Dr. Witt1aM A. ELLIsTON 

Cushing Veterans Administration Hospital—Dr. HENRY 
Faxon 

Faulkner Hospital—Dr. MarsHatt K. BARTLETT 

Free Hospital for Women—Dr. CHRISTOPHER J. DUNCAN 

Malden Hospital—Dr. CLEMENT LyNcH 

Massachusetts Eye and Ear Infirmary—Ophthalmology— 
Dr. Henry A. MOSHER 

Massachusetts Eye and Ear Infirmary—Otorhinolaryngol- 
ogy—Dnr. Francis L. WEILLE 

Massachusetts General Hospitals—Dr. Howarp ULFELD- 
ER; Television chairman—Dr. Horatio ROGERS 

Massachusetts Memorial Hospitals—Dr. GEORGE WHITE- 
LAW 

Mount Auburn Hospital, Cambridge—Dr. JosEPH Tar- 
TAKOFF 

New England Baptist Hospital—Dr. Herbert D. ADAMS 

New England Center Hospital— Dr. WyLAND LEADBETTER 

New England Deaconess Hospital—Dr. HERBERT D. 
ADAMS 

New England Deaconess Hospital—Palmer Memorial 
Unit—Dr. CLirrorD FRANSEEN 

New England Hospital for Women and Children—Dr. 
Feticia BANAS 

Newton-Wellesley Hospital, Newton Lower Falls—Dr. 
Ricuarp SMITH 

Peter Bent Brigham Hospital—Dr. Tuomas B. QUIGLEY 

Pondville Hospital, Walpole—Dr, RIcHARD WALLACE 


Robert Breck Brigham Hospital—Dr. TuHroporEe A. 
POTTER 

St. Elizabeth’s Hospital—Dr. Joun SPELLMAN 

Veterans Administration Hospital—West Roxbury —Dr. 
FREDERICK Ross 


POSTGRADUATE COURSES 


A new feature of the Boston Clinical Congress 
will be the holding of a series of five postgraduate 
courses from 9:00 a.m. to noon each day in five 
Boston hospitals in accordance with the following 
schedule: 


Nutrition of the Surgical Patient 
Monday—Boston City Hospital—Moderator, CHARLES 
C. Lunp 


Tuesday—Massachusetts General Hospital—Moderator, 
OLIVER CoPE 

Wednesday—Massachusetts Memorial Hospitals—Ar- 
NOLD RELMAN, CHARLES P. EMERSON, JOSEPH R. 
STANTON, FRANZ J. INGELFINGER 

Thursday—Children’s Hospital—Cuar_es A, JANEWAY 
and Associates 

Friday—Peter Bent Brigham Hospital—Moderator, 
Francis D. Moore 


Vascular Diseases 


Monday—Peter Bent Brigham Hospital—Moderators, 
CHILTON CRANE and Epwarp A. Epwarps 

Tuesday—Boston City Hospital—Moderator, E. EvEr- 
ETT O’NEIL 

Wednesday—Massachusetts General Hospital—Moder- 
ator, ARTHUR W. ALLEN 

Thursday—Massachusetts Memorial Hospitals—REGIN- 
ALD H, SMitHwIck and Associates 

Friday—Children’s Hospital—RoBert E. Gross and 
LuTHER MONGINO 


Fractures of the Spine and Skull 


Monday—Children’s Hospital—Franc D. INGRAHAM, 
DonaLpD MATSON 

Tuesday—Peter Bent Brigham Hospital—Franx In- 
GRAHAM, DoNALD D. Matson 

Wednesday—Boston City Hospital—Moderator, Don- 
ALD Munro 

Thursday—Massachusetts General Hospital—WILLIAM 
H. Sweet, A. Rocers, Paut L. Norton, 
James C. WHITE 


Fractures of the Long Bones 


Monday—Massachusetts Memorial Hospitals—Louts G. 
Howarp, KENNETH CHRISTOPHE, ROBERT S. Hor- 
MELL, T. A. Potter, R. H. SMitHwick 

Tuesday—Children’s Hospital—Witi1am T. GREEN 

Wednesday—Peter Bent Brigham Hospital—Moderator, 
Tuomas B. QUIGLEY 

Thursday—Boston City Hospital—Moderator, JosEPH 
H. SHORTELL 

Friday—Massachusetts General Hospital—CarTer R. 
Rowe, Otto E. AuFrranc, Epwin F. CAvE 


Preoperative and Postoperative Care 


Monday—Massachusetts General Hospital—Moderator, 
Leann S. McKittrick 

Tuesday—Massachusetts Memorial Hospitals—CHESTER 
S. KEEFER, CHESTER W. HowE, FRANZ INGELFINGER, 
R. H. SMITHWICK 
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Wednesday—Children’s Hospital—Tuomas H. Lan- 
MAN, ORVAR SWENSON, RoBERT H. WALLACE, MAL- 
A. HoLiipay 

Thursday—Peter Bent Brigham Hospital—Moderator, 

_ J. E. Dunpry 

Friday—Boston City Hospital— Moderator, ALEXANDER 
J. A. CAMPBELL 


Tickets for these courses will be available at the 
clinic ticket desk in Mechanics Hall beginning 
Sunday afternoon. 


EVENING SCIENTIFIC SESSIONS 


Eminent surgeons and specialists, recognized as 
authorities in their fields, will address the scientific 
meetings on Tuesday, Wednesday, and Thursday 
evenings. 

Separate sessions for Ophthalmology and for 
Otorhinolaryngology will be held on Tuesday and 
Thursday evenings. The Wednesday evening 
meeting for these specialties will be a joint 
session. 

Preliminary programs for all of the evening 
scientific sessions will be found on succeeding 


pages. 


AFTERNOON PANEL DISCUSSIONS, GENERAL SUR- 
GERY AND OPHTHALMOLOGY AND OTORHINO- 
LARYNGOLOGY 


General surgery panel discussions will be held 
Monday through Thursday afternoons from 1:30 
to 3:00 o’clock and Monday through Wednesday 
afternoons from 3:30 to 5:00 o’clock. 

Ophthalmology panel discussions will be held 
Tuesday, Wednesday, and Thursday afternoons 
from 1:30 to 3:00 o’clock. 

Otorhinolaryngology panel discussions will be 
held Tuesday, Wednesday, and Thursday after- 
noons from 3:30 to 5:00 o’clock. 

Preliminary programs for all of the afternoon 
panel discussions appear on succeeding pages. 


AFTERNOON PANEL DISCUSSIONS, 
SURGICAL SPECIALTIES 


Friday afternoon will be devoted to panel dis- 
cussion sessions for six special fields of surgery: 
urology, plastic surgery, neurological surgery, 
thoracic surgery, gynecology and obstetrics, and 
orthopedic surgery. Programs appear on succeed- 
ing pages. 


FORUM ON FUNDAMENTAL SURGICAL PROBLEMS 


The Forum on Fundamental Surgical Problems 
at the 1950 Clinical Congress will again give 
special opportunity for the presentation of the 
newest discoveries resulting from research, par- 
ticularly by the younger surgeons. Brief reports 


AMERICAN COLLEGE OF SURGEONS 


377 


of original clinical and experimental observations 
relating to surgery in its broadest sense, including 
the surgical specialties, will be given. It is ex- 
pected this year to have two of the Forum sessions 
devoted to reports of research on a single surgical 
specialty. The program is under the general di- 
rection of Dr. Owen H. Wangensteen, chairman of 
the committee, Forum on Fundamental Surgical 
Problems. An outline of the main topics to be 
discussed follows: 


Monday, 2:00-5:00 p.m.—Cardiac Surgery 

Tuesday, 9:00-12:00 a.m.—Surgery of the Lung and 
Esophagus 

Tuesday, 9:00—-12:00 a.m.—Peritoneum, Small and Large 
Bowel and Pancreas 

Tuesday, 2:00-5:00 p.m.—Blood Transfusion, Coagula- 
tion, Shock and Hemorrhage 

Wednesday, 9:00-12:00 a.m.—Stomach 

Wednesday, 9:00—-12:00 a.m.—Blood Vascular System and 
Blood Flow 

Wednesday, 2:00-5:00 p.m.— Neurosurgery 

Thursday, 9:00-12:00 a.m.—Neurosurgery 

Thursday, 9:00-12:00 a.m.—Wounds and Wound Healing, 
Tissue Transplantation, Antiseptics and Antibiotics 

Thursday, 9:00-12:00 a.m.—Liver and Bile Ducts, Porta- 
caval Anastomosis and Kidney 

Thursday, 1:15-3:30 p.m.—Anesthesia 

Friday, 9:00-12:00 a.m.—Malignancies, Endocrines and 
Miscellaneous 

Friday, 9:00-12:00 a.m.—Water, Electrolytes and Pro- 
tein, Preoperative and Postoperative Care 


Abstracts of all papers which have been ac- 
cepted for presentation in the Forum Sessions will 
be printed in the official program of the Clinical 
Congress. In the past, the abstracts were printed 
also in the subsequent issue of the Quarterly 
BULLETIN of the American College of Surgeons. 
This year, arrangements have been made by the 
College to begin the publication of an annual 
bound volume of the Forum papers and the former 
practice of printing the abstracts in the BULLETIN 
will be discontinued. Early publication of the 
Forum papers is important and the volume will be 
published by the W. B. Saunders Company within 
four months of the time of the Clinical Congress. 


SYMPOSIA ON SPORTS INJURIES, TRAUMA, CANCER, 
AND GRADUATE TRAINING IN SURGERY 


Four symposia on special themes of wide in- 
terest are to be held during the Clinical Congress. 
On Tuesday morning there will be a Symposium 
on Sports Injuries, on Wednesday afternoon a 
Symposium on Cancer, and on Thursday morning 
a Symposium on Trauma. Programs for the two 
latter appear on succeeding pages. 

A Symposium on Graduate Training in Surgery 
is being planned for presentation on Thursday 
afternoon. 
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MEDICAL MOTION PICTURE PROGRAM 


The Medical Motion Picture Committee is now 
choosing films which are to be shown at the Clini- 
cal Congress. Films that have been recently pro- 
duced should be forwarded to the College for im- 
mediate review as it is the policy of the College to 
include in the Clinical Congress program only 
those films which have been submitted in time to 
obtain approval by the Committee on Medical 
Motion Pictures. 


HOSPITAL CONFERENCES 


The twenty-ninth Hospital Standardization 
Conference will convene during the Clinical 
Congress. Hospital administrators, trustees, 
members of medical staffs, nurses, technicians, 
dietitians, and heads of the various hospital 
departments and their personnel, are invited to 
participate. 

An outline of the program appears on suc- 
ceeding pages. 


MEETINGS OF THE BOARD OF GOVERNORS 
AND FELLOWS 


The Board of Governors of the College will con- 
vene with luncheon on Monday and will meet 
from 12:45 to 5:00 p.m. Any unfinished business 
will be discussed at a session on Wednesday morn- 
ing. There will be an adjourned meeting at 3:30 
p.m. on Thursday. The program appears later in 
this issue. 

The Governors will act as a clearing house for 
the Board of Regents on general assigned subjects 
and on local problems. The governors are being 
apprised of the actions taken by the Board of 
Regents and will aid in interpreting such actions 
to the Fellows. 

The Annual Meeting of Fellows will be held on 
Thursday at 3:45 p.m. The agendum is pub- 
lished on a succeeding page. 


COMMITTEE MEETINGS 


There will be a meeting of State and Provincial 
Counseling Committees (formerly State and Pro- 
vincial Executive Committees), Credential Com- 
mittees, Committees on Applicants and Judiciary 
Committees, on Wednesday from 10:00 a.m. until 
noon at the Copley Plaza Hotel. Dr. Paul R. 
Hawley, Director of the College, will discuss the 
role of these committees in elevating the prestige 
of the College and Dr. H. Prather Saunders, As- 
sociate Director, will describe the process in the 
consideration of applicants for the Junior and 
_ Candidate Groups as well as for Fellow- 
ship. 


COMMITTEE ON ARRANGEMENTS 


The Boston Committee on General Arrange- 
ments for the Clinical Congress is composed of 
the following Fellows: 

*Thomas H. Lanman, Chairman 

*Donald Munro, Vice-Chairman 

*Orvar Swenson, Secretary 

*Arthur W. Allen, uae, Board of Regents 
Edwin W. Cave Charles G. Mixter 
Edward D. Churchill Francis D. Moore 
Fletcher H. Colby Gordon M. Morrison 
Edwin B. Dunphy William R. Morrison 

*J. Englebert Dunphy *Langdon Parsons 
Henry H. Faxon Walter G. Phippen 
Robert E. Gross Duncan E. Rei 
Frank H. Lahey LeRoy A. Schall 
Charles C. Lund Reginald H. Smithwick 
Leland S. McKittrick Grantley W. Taylor 
Henry C. Marble *C. Stuart Welch 
Joe Vincent Meigs 


*Executive Committee 


GENERAL, PROGRAM, AND PUBLIC RELATIONS 
COMMITTEES 


The Clinical Congress General Committee con- 
sists of Dr. Paul R. Hawley, Chairman, Eleanor 
K. Grimm, Secretary, Dr. Charles F. Branch, 
Laura G. Jackson, Dr. George H. Miller, Edward 
G. Sandrok, Dr. H. Prather Saunders, and James 
S. Shannon. 

The Clinical Congress Committee on Programs 
consists of Dr. Frederick A. Coller, Chairman, and 
Doctors Henry W. Cave, Evarts A. Graham, and 
Alton Ochsner. Programs for the specialties are 
being arranged in co-operation with the Advisory 
Councils of the College on ophthalmology, oto- 
rhinolaryngology, neurological surgery, obstetrics 
and gynecology, orthopedic surgery, thoracic sur- 
gery, and urology. 

The Advisory Committee on Programs consists 
of Dr. George H. Miller, Chairman, and Doctors 
Warren H. Cole, Sumner L. Koch, Michael L. 
Mason, Charles B. Puestow, Paul R. Hawley, H. 
Prather Saunders, Charles F. Branch, and Mal- 
colm T. MacEachern. 

The Public Relations Committee consists of Dr. 
Charles B. Puestow, Chairman, members of ad- 
ministrative staff, American College of Surgeons, 
and members of the local committee on publicity, 
of which Dr. Charles C. Lund is Chairman. 


SCIENTIFIC EXHIBITS 


For the first time at a Clinical Congress of the 
American College of Surgeons, opportunity is be- 
ing given to outside individuals and institutions to 
take part in the scientific exhibit, which hereto- 
fore has been practically limited to College ac- 
tivities, This being a new venture, it is considered 
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a pilot project, and its popularity in Boston will 
determine whether the plan will be continued in 
the future. Several of the outstanding scientists 
in the Boston area have been approached and 
have expressed willingness to participate. Prelim- 
inary negotiations indicate that the exhibits will 
be most instructive and interesting. The final 
official program of the Clinical Congress will in- 
clude lists and brief descriptions of the exhibits, 
with booth numbers. 


TECHNICAL EXHIBITS 


Mechanics Hall will house the extensive exhibit 
of medical and hospital supplies and equipment, 
television and medical motion picture showings, 
registration for surgeons and hospital representa- 
tives, and a few of the sessions. Leading manu- 
facturers of surgical equipment and instruments, 
sutures, dressings, pharmaceuticals, and surgical 
supplies of all kinds, and publishers of medical 
books will be represented in the exhibition. 


POST CLINICAL CONGRESS COURSE 


A course on Treatment of Fractures and Other 
Conditions will be held from October 30 to No- 
vember 4, the week following the Clinical Con- 
gress, under the direction of Dr. Edwin F. Cave 
and associates of Massachusetts General Hos- 
pital. This course will deal primarily with the 
treatment of fractures, but the management of 
many other traumatic conditions will be pre- 
sented. Attendance is limited to 1oo students. 
Apply to the Assistant Dean, Courses for Grad- 
uates, Harvard Medical School, Boston. 


ADVANCE REGISTRATION 


Surgeons who wish to attend the Clinical Con- 
gress should register in advance. Advance regis- 
tration will greatly expedite the procedure of 
registering. No registration fee will be charged 
Fellows whose dues are paid to December 31, 
1949. For endorsed Junior and Senior Candi- 
dates, the fee will be $5.00. Non-Fellows who 
after individual consideration are permitted to 
register, will pay a fee of $10.00. No registration 
fee will be required of initiates of the class of 1950. 


POST CONGRESS CRUISE TO BERMUDA 


A cruise to Bermuda following the Clinical 
Congress may be arranged through Leon V. Ar- 
nold, 36 Washington Square West, New York 11. 
Fellows from the West may have their rail tickets 
routed via New York for their return at no addi- 
tional expense. A late evening train from Boston 
on Friday, October 27, gives Saturday morning 
arrival in New York in ample time for some shop- 
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ping in that city prior to embarking on the luxury 
liner, “Queen of Bermuda,” which will sail at 
3:00 p.m. Arrival in Bermuda will be at 9:00 a.m. 
on Monday, and the cruise members will be ac- 
commodated at the Hotel Princess in Hamilton. 
About two and a half days are allowed for sight- 
seeing in Bermuda, with the return sailing on 
Wednesday, November 1, at 3:00 p.m., and arrival 
in New York on Friday at 9:00 a.m. The mini- 
mum cost per person including boat and hotel ac- 
commodations and most meals, is around $200. 
Reservations should be made as early as possible. 


ENTERTAINMENT FOR GUESTS 


With Mrs. Arthur W. Allen as Honorary Chair- 
man and Mrs. Thomas H. Lanman as Chairman, 
a committee has been organized in Boston to plan 
entertainment for guests of the Fellows attending 
the Clinical Congress. The members of the com- 
mittee are Mesdames Edwin F. Cave, Robert E. 
Gross, Leland S. McKittrick, Joe V. Meigs, 
Charles G. Mixter, Francis D. Moore, Donald 
Munro, John W. Spellman, and C. Stuart Welch. 
Among the events planned are a tour of the city, 
an evening at a Gilbert & Sullivan opera perform- 
ance, and a tea and fashion show. 


HOTEL RESERVATIONS 


It is desirable to make hotel reservations as 
early as possible. In making these, communica- 
tions should be addressed to the Convention 
Bureau of the Boston Chamber of Commerce, 80 
Federal Street, Boston 1o. It is important that 
you state you will be attending the Clinical Con- 
gress of the American College of Surgeons. All 
hotel reservations, both for surgeons and hospital 
representatives, are to clear through the Conven- 
tion Bureau. No correspondence should be sent 
directly to the hotels. A form for reservations 
was enclosed in a letter to Fellows. Choice of 
hotels may be designated. 

In addition to the headquarters hotels, the 
Statler and Copley-Plaza, there are a number of 
first-class hotels within a short distance of head- 
quarters. The following hotels are recommended: 


Minimum Rate with Bath 
i Doubl 


Single ouble 
New Ocean House, Swampscott... .. 6.00 8.00 
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PRELIMINARY PROGRAM 


GENERAL ASSEMBLY 


Monday, 10:00 a.m.—12:00 m.—Grand Hall, 
Mechanics Building 
Freperick A. CoLier, M.D., F.A.C.S., Ann Arbor; 
President, American College of Surgeons, Presiding 


Official Greetings 

Co-ordinated Program, Graduate Training in Surgery. 
FREDERICK A. COLLER, M.D., F.A.C.S. Chairman, Com- 
mittee on Graduate Training in Surgery 

Medical Services in the Department of Defense. RICHARD 
L. MeEtine, M.D., F.A.C.S., Washington, D.C.; Direc- 
tor, Office of Medical Services, U. S. Department of 
Defense 

Topic to be announced. Paut B. Macnuson, M.D., 
F.A.C.S., Washington, D.C.; Chief Medical Officer, 
U. S. Veterans Administration 

Topic to be announced. The Honorable ARTHUR B. LANG- 
LIE, Olympia, Washington; Governor of the State of 
Washington 


PRESIDENTIAL MEETING 


Monday, 8:30-10:00 p.m.—Ballroom, The Statler Hotel 


FREDERICK A. CoLLER, M.D., F.A.C.S., Ann Arbor; Presi- 
dent, American College of Surgeons, Presiding 


Processional—Officers, Regents and Distinguished Guests 
Invocations. 

Address of Welcome. THomas H. Lanman, M.D., F.A.C.S., 
Boston; Chairman, Committee on Arrangements 

Introduction of Distinguished Guests. ARTHUR W. ALLEN, 
M.D., F.A.C.S., Boston; Chairman, Board of Regents 

Address of the President: For the Benefit of the Patients. 
FREDERICK A. COLLER, M.D. 


Inauguration of Officers: 

Presented by Donatp G. TotteErson, M.D., F.A.C.S., 
Los Angeles; Retiring First Vice President 

First Vice President: WARREN H. Cote, M.D., F.A.C.S., 
Chicago 

Second Vice President: G. Gavin M.D., 
F.A.C.S., Montreal 

President: HENRy W. Cave, M.D., F.A.C.S., New York 


The Fifth Martin Memorial Lecture: The Balance of Life 
and Death in Intracranial Lesions. Str GEOFFREY JEF- 
FERSON, C.B.E., F.R.C.S. (Eng.), Manchester, England; 
Professor of Neurosurgery, University of Manchester 
Medical School 

Recessional 

CoNnVOCATION 


Friday, 8:30-10:00 p.m.—Symphony Hall 
Henry W. Cave, M.D., F.A.C.S., New York; President, 
American College of Surgeons, Presiding 


Processional—Initiates, Officers, Regents, and Distinguish- 
ed Guests 

Invocation. 

Presentation of Initiates for Fellowship. ARTHUR W. ALLEN, 

.D., F.A.C.S., Boston; Chairman, Board of Regents 

Fellowship Pledge. The Initiates 

Conferring of Fellowships by the President. Henry W. 
CavE, M.D., F.A.C.S. 

Conferring of Honorary Fellowships. The President 

Fellowship Address: “Quo Vadimus?” Paut R. HawLey, 
M.D., Chicago; Director, American Collegeof Surgeons 

Recessional 


EVENING SCIENTIFIC SESSIONS 
Tuesday, 8:30-10:30 p.m.—Ballroom, The Statler Hotel 
The Concept of the General-Adaptation-Syndrome as Ap- 
plied to Surgical Problems (With Special Emphasis Upon 
Cortisone and ACTH.) Hans SEtyE, M.D., Montreal 
Biophysics in Surgery. AMBROsE Storck, M.D., F.A.C.S., 
New Orleans 
The Principles Involved in the Clinical Use of Strepto- 
S. Tittett, M.D., New 
or : 


Wednesday, 8:30-10:30 p.m.—Ballroom, The Statler Hotel 

Fracture Oration. J. HuBER Wacner, M.D., F.A.CS., 
Pittsburgh 

Intravenous Fat Feeding. FREpERIcK J. STARE, M.D., 
Boston 

The Neurological Complications of Spinal Anesthesia. 
Rosert D. Dripps, MD. Philadelphia 


Thursday, 8:30-10:30 p.m.—Ballroom, The Statler Hotel 


Late Surgical Complications Following Irradiation of 
Pelvic Viscera. WM. CRAWFORD WHITE, M.D., F.A.C.S., 
New York 

A New Surgical Treatment For Hirschsprung’s Disease. 
Orvar SwENson, M.D., F.A.C.S., Boston 

Lobotomy vs. Cordotomy for the Relief of Intractable 
Pain. James C. WuirE, M.D., F.A.C.S., Boston 


EVENING SESSIONS FOR OPHTHALMOLOGY 


Tuesday, 8:30-10:30 p.m.—State Salon, 
Copley Plaza Hotel 
Treatment of Pigmented Tumors of the Eye and Adnexa. 
Joun S. McGavic, M.D., Bryn Mawr, Pennsylvania 
The Use of ACTH and Cortisone in Ophthalmology. Dan 
M. Gorpon, M.D., New York 
Scleral Resection. RAyMonp E. MEEK, M.D., F.A.C.S., 
New York 


Thursday, 8:30-10:30 p.m.—State Salon, 
Copley Plaza Hotel 

Glaucoma After Cataract Extraction. Paut A. CHANDLER, 
M.D., Boston 

Present Trends of Surgery of the Oblique Muscles. WALTER 
H. Fink, M.D., F.A.C.S., Minneapolis 

End Results of Integrated Implants in the Orbit. WILLIAM 
STONE, JR., M.D., Boston 


EVENING SESSIONS FOR OTOLARYNGOLOGY 


Tuesday, 8:30-10:30 p.m.—Sheraton Room, 
Copley Plaza Hotel 

Modern Bacteriology as an Aid to the Otolaryngologist. 
ANITA MANGIARACINE, Boston; Bacteriologist, Massa- 
chusetts Eye and Ear Infirmary 

The Influence of Fundamental Concepts in Allergy Upon 
Specific Problems in Otolaryngology. Francis L. 
WEILLE, M.D., F.A.C.S., Boston 

The Present Status of the Relationship of Tonsillectomy 
to Poliomyelitis. DANteEL S. Cunninc, M.D., F.A.C.S., 
New York 


Thursday, 8:30-10:30 p.m.—Sheraton Room, 
Copley Plaza Hotel 
Symposium on “Tumors of the Nose and Sinuses.” 
Symptomatology. LERoy A. Scuatt, M.D., F.A.C.S., 
Boston 
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Diagnosis. ALEXANDER S. M.D., 

oston 

Preparation and Care of the Mouth of the Patient Re- 
ceiving X-Ray Therapy About the Head and Neck. 
Mitrorp D. Scuutz, M.D., Boston 

Treatment By A Combination ‘of Surgery and Radiation. 
Hayes E. Martin, M.D., F.A.C.S., New York 


OPHTHALMOLOGY AND OTOLARYNGOLOGY 


Wednesday, 8:30-10:30 p.m.—Sheraton Room, 
Copley Plaza Hotel 
Joint Session with the New England Otolaryngological 
Society and the New England Ophthalmological Society. 
Antibiotics Today. CHESTER S. KEEFER, M.D., Boston 
Ophthalmological Applications of the Newer Antibiotics 
Irvine H. Leoporp, M.D., Philadelphia 
Use of Antibiotics in Otolaryngology. Francis W. Davti- 
son, M.D., Danville, Pennsylvania 


GENERAL PANEL DISCUSSIONS 


Grand Hall, Mechanics Building 
Monday, 1:30-3:00 p.m. 
Transthoracic Approach to Subdiaphragmatic Lesions. 

Moderator: B. NoLanp Carter, M.D., F.A.C.S., Cin- 
cinnati 

Collaborators: RicHARD SwEET, M.D., F.A.C.S., Boston; 
Henry K. Breecuer, M.D., Boston; R. ARNOLD 
GRIswoLp, M.D., F.A.C.S., Louisville 


Monday, 3:30-5:00 p.m. 
Cancer of the Uterus. 
Moderator: Joun C. Burcu, M.D., F.A.C.S., Nashville 
Collaborators: JoE V. Meics, M.D., F.A.C.S., Boston; 


AxEL N. ARNESON, M.D., St. Louis; BAYARD CARTER, 
M.D., Durham, North Carolina 


Tuesday, 1:30-3:00 p.m. 
Complemental Combinations in Anesthesia. 
Moderator: WESLEY BournE, M.D., Montreal 
Collaborators: RatpH T. Knicut, M.D., F.A.C.S., 


Minneapolis; RoLLAND J. WuitacrE, M.D., Cleve- 
land; Joun Apriant, M.D., New Orleans 


Tuesday, 3:30-5:00 p.m. 
Reconstructive Surgery of the Hand. 
Moderator: HENRY C. MarBLE, M.D., Boston 
Collaborators: SUMNER L. Kocu, M.D., F.A.C.S., Chi- 
cago; J. LittLer, M.D., New York; 13 


Harotp Coucnu, M.D., Toronto; Sir ARCHIBALD 
F.R.C.S. , London 


Wednesday, 1:30-3:00 p.m. 
Surgical Treatment of Congenital Anomalies of the Di- 
gestive Tract. 


Moderator: LAWRENCE CHAFFIN, M.D., F.A.C.S., Los 
Angeles 

Collaborators: CAMERON Haircut, M.D., F.A.C.S., Ann 
Arbor; WM. P. LonemirE, Jr., M.D., F.A.C.S., Los 
Angeles; HERBERT E. Cor, M.D., F.A.C.S., Seattle 


Wednesday, 3:30-5:00 p.m. 


Pitfalls in Surgery of the Gall Bladder and Biliary Ducts. 


Moderator: WALTMAN WALTERS, M.D., F.A.CS., 
Rochester, Minnesota 
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Collaborators: M. JosEpH Henry, M.D., F.A.CS., 
Louisville; G. Gavin Mitter, M.D., F.A.C.S., Mon- 
treal; WARREN H. Cote, M.D., F.A.C.S., Chicago; 
Ropney H. Marncor, F.R.C.S., London 


Thursday, 1:30-3:00 p.m. 
Acute Nontraumatic Conditions in the Abdomen. 

Moderator: FRED W. RANKIN, M.D., F.A.C.S., Lexing- 
ton 

Collaborators: HARotp L. Foss, M.D., F.A.C.S., Dan- 
ville, Pa.; Horace J. McCork.e, M.D., F.A.C.S., 
San Francisco; I. Mims Gace, M.D., F.A.C.S., New 
Orleans 


SPECIALTY PANEL DISCUSSIONS 


Orthopedic Surgery 


Friday, 1:30-3:00 p.m.—Ballroom, Copley Plaza Hotel 


The Management of Fractures and Dislocations of. the 

Dorsal and Lumbar Spine. 

Moderator: G. EpmMunp Haccart, M.D., F.A.CS., 
Boston 

Collaborators: Harrison L. McLaucuiin, M.D., 
F.A.C.S, New York; J. Huser WaGNER, M.D., 
F.A.CS., Pittsburgh; Sam W. Banks, M.D., 
F.A.C.S., Chicago 


Friday, 3:15-4:45 p.m.—Ballroom, Copley Plaza Hotel 
Fractures of the Elbow Region in Children. 

Moderator: G. Epmunp Haccart, M.D., F.A.C.S., 
Boston 

Collaborators: J. ALBERT Key, M.D., F.A.C.S., St. 
Louis; H. Bickxet, M.D., F.A.C.S., Roches- 
ter, Minnesota; Haroxp A. SoFIELD, M.D., F.A.C.S., 
Oak Park, Illinois 


Neurological Surgery 


Friday, 1:30-3:00 p.m.—Sheraton Room, 
Copley Plaza Hotel 
Surgical Relief of Intractable Pain. 
Moderator: Bronson S. Ray, M.D., New York 
Collaborators: Francis C. Grant, M.D., F.A.C.S., 
Philadelphia; Wittt1am H. Sweet, M.D., Boston; 
James W. Watts, M.D., F.A.C.S., Washington, D.C. 


Friday, 3:15-4:45 p.m.—Sheraton Room, 
Copley Plaza Hotel 
Evaluation of the Results of Surgical Procedures Under- 
taken for the Relief of Psychoses. 
Moderator: Joun E. Scarrr, M.D., F.A.C.S., New York 
Collaborators: LotHar B. Katinowsky, M.D., New 
York; James L. Popren, M.D., F.A.C.S., Boston, and 
Harry C. Sotromon, M.D., Boston; J. LAWRENCE 
Poot, M.D., F.A.C.S., New York and Paut H. Hocn, 
M.D., New York; B. ScoviLte, M.D., Hart- 
ford, and Epwarp WILk, M.D., Middletown, Con- 
necticut; WALTER FREEMAN, M.D., Washington, D.C.,; 
Henry Wycis, M.D., F.A.C.S., Philadelphia, and 
Ernest A. SPIEGEL, M.D., Philadelphia 


Thoracic Surgery 
Friday, 1:30-3:00 p.m.—New England Mutual Hall 


Postoperative Pulmonary Complications 


Moderator: HERBERT C. Mater, M.D., F.A.C.S., New 
York 
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Collaborators: Cart A. Mover, M.D., F.A.C.S., Dallas; 
Gorpon A. Donatpson, M.D., F.A.C.S., Boston; 
Rotuin A. Danict, Jr., M.D., F.A.C.S., Nashville 


Friday, 3:15-4:45 p.m.—New England Mutual Hall 


Trauma of the Chest and Upper Abdomen. 
ewe: FRANK B. Berry, M.D., F.A.C.S., New 
ork 
Collaborators: ROBERT H. Wy tz, M.D., F.A.C.S., New 
York; Witt1am M. Tutte, M.D., Detroit; Howarp 
SnypER, M.D., F.A.C.S., Winfield, Kansas 


Plastic Surgery 
Friday, 1:30-3:00 p.m.—Charter Room, 
New England Mutual Building 
Plastic Surgical Repair of Radiation Lesions. 


Moderator: JAMES BARRETT Brown, M.D., F.A.CS., 
St. Louis 
Collaborators: MicHaEL L. Mason, M.D., F.A.C.S., 
Chicago; Frank McDoweELt, M.D., F.A.C.S., St. 
Freperick A. Fict1, M.D., F.A.C.S., Rochester, 
inn. 


Friday, 3:15-4:45 p.m.—Charter Room, 
New England Mutual Building 
Military Plastic Surgery. 

Moderator: JAMES BARRETT Brown, M.D., F.A.C.S., 
St. Louis 

Collaborators: BRapDFoRD CANNON, M.D., F.A.C.S. 
Boston; Ciirrorp L. M.D., Cleveland; 
Dovuctas W. Macomser, M.D., F.A.C.S., Denver 


Urology 


Friday, 1:30-3:00 p.m.—Ballroom Assembly, 
The Statler Hotel 
Injuries of the Ureter. 
Moderator: Tuomas D. Moore, M.D., F.A.C.S., Mem- 


phis 

Collaborators: THomas J. Krrwin, M.D., F.A.C.S., New 
York; ParKE G. Smitu, M.D., F.A.C.S., Cincinnati; 
L. Deminec, M.D., F.A.C.S., New Haven 


Friday, 3:15-4:45 p.m.—Ballroom Assembly, 
The Statler Hotel 


Congenital Anomalies of the Lower Urinary Tract. 
Moderator: Tuomas D. Moore, M.D., F.A.C.S., Mem- 


phis 

Collaborators: BRADLEY M. Patten, Ph.D., Ann Arbor; 
MeEreEpITH F. CAMPBELL, M.D., New York; EpGar 
Burns, M.D., F.A.C.S., New Orleans 


Gynecology and Obstetrics 
Friday, 1:30-3:00 p.m.—Ballroom, The Statler Hotel 
Indications for Abdominal Total Hysterectomy Versus 
Vaginal Total Hysterectomy for Non-Malignant 
Uterine Pathology. 
Moderator: FREDERICK H. Fatts, M.D., F.A.C.S., Chi- 


cago 

Collaborators: Kart H. Martztorr, M.D., F.A.C.S., 
Portland, Oregon; ARCHIBALD D. CAMPBELL, M.D., 
F.A.C.S., Montreal; Ratpo E. CAMPBELL, M.D., 
F.A.C.S., Madison 


Friday, 3:15-4:45 p.m.—Ballroom, The Statler Hotel 


The Management of Urinary Incontinence in Women. 
Moderator: FREDERICK H. Fats, M.D., F.A.C.S., 
Chicago 
Collaborators: NorMAN F. Miter, M.D., F.A.C.S., 
Ann Arbor; ANDREW A. MarcueEtt1, M.D., F.A.C.S., 
Washington, D.C. 


Ophthalmology 
AFTERNOON PANEL DISCUSSIONS 
Sheraton Room, Copley Plaza Hotel 


Tuesday, 1:30-3:00 p.m. 


Chiasmal Syndrome. 
Moderator: WiLLIAM JASON MrxTeER, M.D., F.A.C.S., 
Boston 
Collaborators: RayMonp D. Apams, M.D., Boston; 
BERT Horrax, M.D., F.A.C.S., Boston; Davin G. 
Cocan, M.D., Boston 


Wednesday, 1:30-3:00 p.m. 


Diagnosis of Orbital Tumors. 
Moderator: Witt1aM L. BEnepict, M.D., F.A.C.S., 
Rochester, Minnesota 
Collaborators: Vircit G. CasTEN, M.D., F.A.C.S., Bos- 
ton; CHARLES A. PERERA, M.D., New York; Jack S. 
Guyton, M.D., Boston 


Thursday, 1:30-3:00 p.m. 


Selection of Operative Technic in Retinal Separation. 


Epmunp B. Spaetu, M.D., F.A.C.S., Phila- 
elphia 
Collaborators: Harvey E. Tuorpe, M.D., F.A.C.S., 
Pittsburgh; R. TowNLEy Paton, M.D., F.A.C.S., 
York; Grrotamo BonaccoLoto, M.D., New 
or 


Otolaryngology 
AFTERNOON PANEL DISCUSSIONS 
Sheraton Room, Copley Plaza Hotel 


Tuesday, 3:30-5:00 p.m. 


The Pre-School Deaf Child. 
Moderator: Puitie E. MELTzER, M.D., Boston 
Collaborators: DoNALD K. Lewis, M.D., Boston; Miss 
HELEN T. PaTreENn, Boston; EpMunp P. Fow Jr., 
M.D., New York; CLarENcE D. O’Connor, M.D., 
New York 


Wednesday, 3:30-5:00 p.m. 


Joint MEETING witH NEW ENGLAND Oro- 
LARYNGOLOGICAL SOCIETY 


What We Have Learned About Fenestration for Otoscle- 

rosis. 

Moderator: Marvin FisHER Jones, M.D., F.A.C.S., 
New York 

Collaborators: J. BRown Farrior, M.D., F.A.C.S., 
Tampa; Jutius M.D., New York; GEORGE 
E. SHamBAuGH, M.D., Chicago; Howarp P. 
Hovsg, M.D., F.A.C.S., Los Angeles 


W 
G 


wwe 


| 
4 
P 
P 
| 
~ 


AMERICAN COLLEGE OF SURGEONS 


Thursday, 3:30-5:00 p.m. 
The Management of the Vertigenous Patient. 


Moderator: LeIcHTON F. JoHNson, M.D., F.A.CS., 
Boston 

Collaborators: BENJAMIN Spector, M.D., Boston; 
AMES L. PoppEN, M.D., F.A.C.S., Boston; CHARLES 
. Kusix, M.D., Boston; Frank D. Laturop, M.D., 
F.A.C.S., Boston; and Wittram Matamup, M.D., 
Boston 


SyMPOSIUM ON CANCER 


Wednesday, 2:00-5:00 p.m.—Ballroom, Copley Plaza Hotel 


GRANTLEY W. Taytor, M.D., F.A.C.S., Boston; Chair- 
man, Cancer Committee, Presiding 
The Morphologic Classification and Clinical Follow-up 
Study of 1000 Testicular Tumors. Frank J. Dixon, 
M.D., St. Louis 
Surgery of the Breast. FRANK E. Aparr, M.D., F.A.C.S., 
New York 
Radiation Therapy of Breast Malignancies. MANUEL 
Garcia, M.D., F.A.C.S., New Orleans 
Cancer of the Esophagus. ALTON OcHsNER, M.D., F.A.C.S., 
New Orleans 
Cancer Control in the United States: A Progress Report. 
CHARLES S. CAMERON, M.D., F.A.C.S., New York 
Diagnostic Tests for Cancer. Stuart W. LippiNncort, 
M.D., Seattle 
Report, Subcommittee on Standardization of Publishing 
Cancer End Results. Ernest M. DaLanp, M.D., 
F.A.C.S., Boston 


SYMPOSIUM ON TRAUMA 


Thursday, 9:00 a.m.—12:00 m.—Grand Hall, 
Mechanics Building 

RosBert H. KENNEpy, M.D., F.A.C.S., New York; Chair- 
man, Committee on Trauma, Presiding 

Practical Surgery in Head Trauma. A. EARL WALKER, 
M.D., F.A.C.S., Baltimore 

Non-penetrating Injuries of the Abdomen. Rosert P. 
DossiE, M.D., F.A.C.S., Buffalo 

Prevention and Treatment of Cicatricial Contractures of 
the Joints. Hans May, M.D., F.A.C.S., Philadelphia 

Injury to the Nerves of the Hand—Primary and Secondary 
Neurorrhaphy. Vinton E. Sizer, M.D., Cincinnati 

Pathological Fractures. H. Bicxet, M.D., 
F.A.C.S., Rochester, Minnesota 

Fractures of the Medial Malleolus. Sam W. Banks, M.D., 
F.A.C.S., Chicago 

Fractures of Both Bones of the Forearm. FREDERICK M. 
Situ, M.D., F.A.C.S., New York 

Results from the Use of Refrigerated Homogenous Bone 
Grafts in Surgical Procedures. Puitrp D. Witson, 
M.D., F.A.C.S., New York 


ANNUAL MEETING—BOARD OF GOVERNORS 
Monday, 12:45 Noon—Luncheon—to 5:00 p.m. 
Georgian Room and Parlor A, The Statler 

Presentation of the Program for the Governors. 
Election of Officers of the Board of Governors 
a. Chairman 
b. Vice Chairman 
c. Secretary 
Election of the Executive Committee of the Board of 
Governors 
Selection of Advisory Committee on Nominations 
Statement Concerning Governors Who Are Nominees of 
Special Societies or Federal Services 
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Report on the College Program. Paut R. Haw ey, M.D., 
F.A.C.P., Chicago, Director, American College of Sur- 
geons 

Announcement of Meeting—Credentials, Judiciary, and 
Counseling Committees, 10:00 A.M., October 25 

Announcement Concerning Adjourned Meetings of the 
Board of Governors 
Other Business 

General Discussion by the Governors 


ANNUAL MEETING OF FELLOWS 
Thursday, 3:45—6:00 p.m.—Ballroom, Copley Plaza Hotel 


The Board of Regents of the American College of 
Surgeons has requested that the annual reports of 
various committees and departments of the College 
be published each year in advance of the Annual 
Meeting of Fellows—in the September BULLETIN 
which will be mailed to each Fellow the last week 
in September. 


Agenda 
Report of the Nominating Committee: Officers of the 
ollege; Governors of the College 

Deliberations of the Board of Governors—1g50 Annual 
Meeting. 

Report of the Treasurer. WARREN H. CoLe, M.D., 
F.A.C.S., Chicago; Treasurer 

Cancer Committee. GRANTLEY W. Taytor, M.D., 
F.A.C.S., Boston; Chairman 

Committee on Trauma. RosBert H. KENNEDY, M.D., 
F.A.C.S., New York; Chairman 

Committee on Graduate Training in Surgery. FReEp- 
ERICK A. Cotter, M.D., F.A.C.S., Ann Arbor; Chair- 
man 

Committee on Medical Motion Pictures. CHaARLEs B. 
Purestow, M.D., F.A.C.S., Chicago; Chairman 

Committee on Nutrition of the Surgical Patient. I. S. 
M.D., F.A.C.S., Philadelphia; Chairman 

The American College of Surgeons—Summary of Annual 
Reports of Departments and Committees. Paut R. 
Hawtey, M.D., Chicago; Director, American College 
of Surgeons 


MEETING OF STATE AND PROVINCIAL COUNSELING 
COMMITTEES", CREDENTIALS COMMITTEES, 
COMMITTEES ON APPLICANTS AND JUDICIARY 
COMMITTEES 


Wednesday, 10:00 a.m.—12:00 m.—Sheraton Room— 
Copley Plaza Hotel 

ARTHUR W. ALLEN, M.D., F.A.C.S., Boston; Chairman, 
Board of Regents, Presiding 

The Role of these Committees in Elevating the Prestige of 
the College. Paut R. Haw ey, M.D., F.A.C.P., Chica- 
go; Director, American College of Surgeons 

Consideration of Applicants for the Junior and Senior 
Candidate Groups and for Fellowship. H. PRATHER 
SAUNDERS, M.D., F.A.C.S., Chicago: Associate Director, 
American College of Surgeons 

Discussion. J. Witttam Hinton, M.D., F.A.C.S., New 
York City; Eugene A. Osius, M.D., F.A.C.S., Detroit; 
RosBeErt T. Attison, M.D., F.A.C.S., Akron; NEWELL 
W. Puitpott, M.D., F.A.C.S., Montreal 

Question and Answer Period 
*Formerly State and Provincial Executive Commit- 
tees. 
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TwENtTy-NintH ANNUAL HOsPITAL 
STANDARDIZATION CONFERENCE 


Monday 


10:00 a.m—12:00 m.—Grand Hall, Mechanics Building 


General Assembly—For Surgeons, Physicians, Hospital 
Representatives, and Others (see page 380). 


2:00-5:00 p.m.—Ballroom Assembly, Hotel Statler 

Theme: The Voluntary Hospital System 

The Voluntary Hospital—Part and Parcel of our Way of 
Life—Must be Retained 

Looking Forward with Blue Cross and Medical Service 
Plans 

Cooperation of Governmental and Voluntary Agencies in 
the Care of the Sick and Prevention of Disease 

Present and Future Trends in Patient-Day Costs 


8:15-10:00 p.m.—Grand Ballroom, Hotel Statler 


Tuesday 


9:30 a.m.—12:30 p.m.—Georgian Room, Hotel Statler 
Theme: Advances in the Management of the Surgical Depart- 
ment and Promotion of Safe Practices in the Operating 
Room 
Planning the Operating Room from the Functional Stand- 


point 

Elimination of Operating Room Hazards and Safe Prac- 
tices in Handling Anesthetics 

Control of Infections Through Safe Operating Room Man- 
agement and Technical Procedures 


2:00-5:00 p.m.—Georgian Room—Hotel Statler 
Theme: Teamwork in the Operating Room—Basic Factors in 
Assuring Efficiency—Discussion from the Viewpoint of 
The Surgeon The Anesthetist 
The Assistant The Pathologist 
The Operating Room The Medical Secretary 
Supervisor 


8:00-10:00 p.m.—Georgian Room, Hotel Statler 


Theme: Trends in World Health and the Care of the Sick and 
Injured—from the Stand point of 


The World Health Organization 
The World Medical Association 
International Hospital Federation 


Wednesday 
October 25, 1950 
7:45-9:15 a.m.—Salle Moderne, Hotel Statler 
Joint Session for Representatives of Press, Radio and 


Hospitals 
Theme: The Hospital in the News and on the Air 


10:00 a.m.—12:30 p.m.—Georgian Room, Hotel Statler 
Theme: Trends in Standards for Hospitals from the View- 
point of: 
Geriatrics; Tuberculosis; Psychiatry; Physical Medicine 
2:00-5:00 p.m.—Georgian Room, Hotel Statler 


Joint Session with the American Association of Medical 
Records Librarians 

Medical Records—z25 years in Retrospect 

Responsibility for Teaching Medical Record Keeping from 
the Viewpoint of the Medical School 

Study of Neonatal Deaths in the Hospital 

The Medical Record in Court 

Looking Forward with the Medical Record Librarian— 
A Message from Grace Myer, Honorary President and 
Co-Founder of the American Association of Medical 
Record Librarians. 


8:00-10:00 p.m.—Georgian Room, Hotel Statler 


Special Panel Discussion—Hospital Preparedness for 
National Emergencies 


Thursday 


7:45-9:15 a.m.—Salle Moderne, Hotel Statler 
Get together Breakfast and Conference for Hospital Ad- 
ministration Residents and Graduates 
Theme: Informal and Voluntary Discussion of Experience in 
a New World of Action 


9:30 a.m.—12:30 p.m.—Salle Moderne, Hotel Statler 
A Forum on Trends in Hospital Administration, New Ideas 
and Procedures and Special Hospital Problems 
Opportunity is being given to the graduates and adminis- 
trative residents of the various universities offering 
courses in hospital administration to present summary 
transcripts of new trends in hospital work. The subjects 
listed will be chosen from the transcripts submitted. 


2:00-5:00 p.m.—Salle Moderne, Hotel Statler 


Theme: Discussion of Ways and Means in Maintaining 
Professional Standards and Other Services for Patients in 
Rural and Small Hospitals : 


Panel of Speakers from: United States Public Health 
Service; Commonwealth Fund; Duke Endowment; 
W. K. Kellogg Foundation; Bingham Associates 


2:00-5:00 p.m. 

Demonstration at Peter Bent Brigham Hospital conduc- 
ted by Cart W. Watter, M.D., F.A.C.S., Boston— 
Room Management—Sterilization—Proce- 

ures 


8:00-10-00 p.m.—Salle Moderne, Hotel Statler 

Joint Session—Hospital Administrators, Members of 
Medical Staffs and Nurses 

Theme: Good Nursing Care of the Patient in Peacetime and 
in National Emergencies 

Supply and Demand; Subsidiary Groups; Adequate Train- 
ing; Domiciliary Care 

Friday 


10:00 a.m.—4:00 p.m. 
Visiting Hospitals 


8:30-10:00 p.m.—Sym phony Hall 
Convocation 
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